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PREFACE. 



-♦♦- 



The contents of the present work, except the Intro- 
duction and the chapter on Gauges, consist mainly in 
a revision of a series of articles published in " Engi- 
neering" and the Journal of the Franklin Institute, 
under the head of " The Principles of Shop Manipula- 
tion," during 1873 and 1874. 

The articles alluded to were suggested by observa- 

Y tions made in actual practice, and by noting a " habit 

of thought" common among learners, which did not 

seem to accord with the purely scientific manner in 

1 which mechanical subjects are now so constantly 

^ treated. 

^ The favourable reception which the articles on 

, *^ Shop Manipulation " met with during their serial 

;. publication, and various requests for their reproduc- 

tion in the form of a book, has led to the present 

edition. 

The addition of a few questions at the end of each 

chapter, some of which are not answered in the text, 

^ it is thought will assist the main object of the work, 

' which is to promote a habit of logical investigation on 

the part of learners. 



VI PREFACE. 

It will be proper to mention here, what will be more 
fully pointed out in the Introduction, that although 
workshop processes may be scientifically explained 
and proved, they must nevertheless be learned logi- 
cally. This view, it is hoped, will not lead to any- 
thing in the book being construed as a disparagement 
of the importance of theoretical studies. 

Success in Technical Training, as in other kinds of 
education, must depend greatly upon how well the gene- 
ral mode of thought among learners is understood and 
followed ; and if the present work directs some attention 
to this matter it will not fail to add something to 
those influences which tend to build up our industrial 

interest^* 

J. R. 



10 John Stbekt, Adkt.fht, 
London, 1875. 
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INTR on UCTION. 

In adding another to the large number of books which treat 
upon Mechanics, and especially of that class devoted to what is 
called Mechanical Engineering, it will be proper to explain some 
of the reasons for preparing the present work; and as these 
explanations will constitute a part of the work itself, and be 
directed to a subject of some interest to a learner, they are 
included in the Introduction. 

First I will notice that among our many books upon mechani- 
cal subjects there are none that seem to be directed to the 
instruction of apprentice engineers; at least, there are none 
directed to that part of a mechanical education most difficult to 
acquire, a power of analysing and deducing conclusions from 
commonplace matters. 

Our text-books, such as are available for apprentices, consist 
mainly of mathematical formulae relating to forces, the properties 
of material, examples of practice, and so on, but do not deal 
with the operation of machines nor with constructive manipula- 
tion, leaving out that most important part of a mechanical 
education, which consists in special as distinguished from general 
knowledge. 

The theorems, formulae, constants, tables, and rules, which are 
generally termed the principles of mechanics, are in a sense only 
symbols of principles ; and it is possible, as many facts will 
prove, for a learner to master the theories and symbols of 

A. 
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mechanical principles, and yet not be able to turn such knowledge 
to practical account 

A principle in mechanics may be known, and even familiar to 
a learner, without being logically understood ; it might even be 
said that both theory and practice may be learned without the 
power to connect and apply the two things. A person may, for 
example, understand the geometry of tooth gearing and how to 
lay out teeth of the proper form for various kinds of wheels, how 
to proportion and arrange the spokes, rims, hubs, and so on ; he 
may also understand the practical application of wheels as a 
means of varying or transmitting motion, but between this 
knowledge and a complete wheel lies a long train of intricate 
processes, such as pattern-making, moulding, casting, boring, 
and fitting. Farther on comes other conditions connected with 
the operation of wheels, such as adaptation, wear, noise, acci- 
dental strains, with many other things equally as important, as 
epicycloidal curves or other geometrical problems relating to 
wheels. 

Text-books, such as relate to construction, consist generally of 
examples, drawings, and explanations of machines, gearing, tools, 
and so on ; such examples are of use to a learner, no doubt, but 
in most cases he can examine the machines themselves, and on 
entering a shop is brought at once in contact not only with the 
machines but also with their operation. Examples and drawings 
relate to how machines are constructed, but when a learner comes 
to the actual operation of machines, a new and more interesting 
problem is reached in the reasons why they are so constructed. 

The difference between how machinery is constructed and why 
it is so constructed, is a wide one. This difference the reader 
should keep in mind, because it is to the second query that the 
present work will be mainly addressed. There will be an 
attempt — an imperfect one, no doubt, in some cases — to deduce 
from practice the causes which have led to certain forms of 
machines, and to the ordinary processes of workshop manipula- 
tion. In the mind of a learner, whether apprentice or student, 
the strongest tendency is to investigate why certain proportions 
and arrangement are right and others wrong — why the opera- 
tions of a workshop are conducted in one manner instead of 
another 1 This is the natural habit of thought, and the natural 
course of inquiry and investigation is deductive. 

Nothing can be more unreasonable than to expect an apprentice 
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eng^eer to begin by an iuiluctive coarse in learning a,nd reaeon- 
iug about mechanics. Even if the mind were callable of sack a 
conrae, which, can nut be assumed in ho iiitrieatfl and extenBive u 
Bubject 3.3 mechanics, there would be a want of interest and an 
absence of apparent purpose which would hinder or prevent 
[iTDgress. Any rational view of the matter, together with as 
many facts ha can be cited, will all point to the conclusion that 
apprentices must learn dednctively, and that some practice 
should accompany or precede theoretical studSes. How dull and 
objectless it seems to a. young man when' he toils through " the 
sum of the squares of the base and perpendicular of a right-angle 
triangle," without knowing a purpose to which thia problem is 
to be applied ; he generally wonders why such puzzling theorems 
were ever invented, and what they can have to do with the 
practical affairs of life. But if the same learner were to happen 
upon a. builder squaring a foundation by means of the rule " six, 
eig^t, and ten," and should in this operation detect the applica- 
tion of that tiresome problem of " the sum of the squares," he 
would at once awake to a new interest in the matter ; what was 
before tedious and without object, would now appear usefiil and 
interesting. The subject would bet^ome fasciuating, and the learner 
would go on with a new zeal to trace out the conuection between 
practice and other problems of the kind. Nothing inspires a 
learner so much as contact with practice ; the natural tendency, 
as hefore said, ia to proceed deductively, 

A few years ago, or even at the present time, many school- 
books in use which treat of mechanics in connection with 
natural philosophy are so arranged as to hinder a learner from 
grasping a true conception of force, power, and motion ; tlieaa 
elements were confounded with various agents of transmission, 
such as wheels, wedges, levers, screws, and so on. A learuer was 
tought to call these things "mechanical powers," whatever that 
may mean, and to compute their power as mechanical elements. 
In this manner was fixed in the mind, as many can bear wit- 
neas, an erroneous conception of the relations between power and 
the means for its transmission ; the two things were confounded 
together, so that years, and often a lifetime, has not served to 
get rid of the idea of power and mechanism being the same. To 
anch teaching can be traced nearly all the crude ideas of mechanics 
BO often met with among those well informed in other matters. In 
tho great change from emiiirical rules to proved constants, from 
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special and experimental knowledge to the application of science 
in the mechanic arts, we may, however, go too far. The 
incentives to substitute general for special knowledge are so 
many, that it may lead us to forget or underrate that part which 
cannot come within general rules. 

The labour, dirt, and self-denial inseparable from the acquire- 
ment of special knowledge in the mechanic arts are strong 
reasons for augmenting the importance and completeness of 
theoretical knowledge, and while it should be, as it is, the con- 
stant object to bring everything, even manipulative processes, so 
far as possible, within general rules, it must not be forgotten that 
there is a limit in this direction. 

In England and America the evils which arise from a false 
or over estimate of mere theoretical knowledge have thus far been 
avoided. Our workshops are yet, and must long remain, our tech- 
nological schools. The money value of bare theoretical training 
is so fast declining that we may be said to have passed the point 
of reaction, and that the importance of sound practical know- 
ledge is beginning to be more felt than it was some years ago. 
It is only in those countries where actual manufactures and other 
practical tests are wanting, that any serious mistake can be 
made as to what should constitute an education in mechanics. 
Our workshops, if other means fail, will fix such a standard ; 
and it is encouraging to find here and there among the outcry 
for technical training, a note of warning as to the means to be 
employed. 

'During the meeting of the British Association in Belfast 
(1874), the committee appointed to investigate the means of 
teaching Physical Science, reported that "the most serious 
obstacle discovered was an absence from the minds of the pupils 
of a firm and clear grasp of the concrete facts forming a base of 
the reasoning processes they are called upon to study ; and that 
the use of text-books should be made subordinate to an attend- 
ance upon lectures and demonstrations." 

Here, in reference to teaching science, and by an authority 
which should command our highest confidence, we have a clear 
exposition of the conditions which surround mechanical training, 
with, however, this difference, that in the latter " demonstration " 
has its greatest importance. 

Professor John Sweet of Cornell University, in America, while 
delivering an address to the mechanical engineering classes. 
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mg tlie Rnme year, made use of the following n 

what joa ' know' that you will be [i.iid for ; it is what you 

' perfurm,' that must measure the value of what you learn 

r«re," These few words ciiutain a truth which deserve to he 

earnestly considered by eyery student engineer or apprentice ; 

as a maxim it will come forth and apply to nearly everything in 

subsequent practice. 

I now come to speak directly of the present work and its 
nljscta. It may be claimed that a book cau go uo farther iu 
treating of mechanical manipulation than principles or rules will 
reach, and that books must of uecessity be couGued to what 
may be called generalities. This is in a sense true, and it is, 
indeed, a most difficult matter to treat of machine operations and 
ahop processes ; but the reason is that machine operations and 
shop processes have not been reduced to principles or treated in 
the same way as strains, proportions, the properties of material, 
wad BO on. I do not claim that manipulative processes can be 
80 generalised — this would be impossible j yet much can be done, 
and many things regarded as matters of special knowledge can 
be presented in a way to come within principles, and thus 
rendered capable of logical investigntion. 

Writers on mechanical subjects, as a rule, have only theoretical 
knowledge, and consequently seldom deal with worlishop pro- 
cesses. Practical engineers who have passed through a success- 
ful eaperience and gained that knowledge which is most difficidt 
for apprentices to acquire, have generally neither inclination nor 
JBceutives to write books. The changes in manipulation are so 
frequent, and the operations so diversified, that practical men have 
a dread of the criticisms which such changes and the differences 
of opinion may bring forth ; to this may be added, that to be- 
come a practical mechanical engineer consumes too great a share 
ot one's life to leave time for other qualifications required in 
preparing books. For these reasons "manipulation" has been 
neglected, and for the same reasons must be imperlectly treated 
here. The purpose is not so much to instruct in shop processes as 
to point out how they can be best learned, the reader for the most 
part exercising his own judgment and reasoning powers. It 
will be attempted to point out how each simple operation is 
governed by some general principle, and how from such opera- 
tions, by tracing out the principle which lies at the bottom, it 
is jHJSsible to deduce logical eoitclusions as to what is right or 
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wrong, expedient or inexpedient. In this way, it is thought, can 
be established a closer connection between theory and practice, 
and a learner be brought to realise that he has only his reasoning 
powers to rely on ; that formulae, rules, tables, and even books, 
are only aids to this reasoning power, which alone can master 
and combine the symbol and the substance. 

No computations, drawings, or demonstrations of any kind will 
be employed to relieve the mind of the reader from the care of 
remembering and a dependence on his own exertions. Drawings, 
constants, formulae, tables, rules, with all that pertains to com- 
putation in mechanics, are already furnished in many excellent 
books, which leave nothing to be added, and such books can be 
studied at the same time with what is presented here. 

The book has been prepared with a full knowledge of the fact, 
that what an apprentice may learn, as well as the time that is 
consumed in learning, are both measured by the personal interest 
felt in the subject studied, and that such a personal interest on 
the part of an apprentice is essential to permanent success as an 
engineer. A general dryness and want of interest must in this, 
as in all cases, be a characteristic of any writing devoted to 
mechanical subjects : some of the sections will be open to this 
charge, no doubt, especially in the first part of the book ; but it 
is trusted that the good sense of the reader will prevent him from 
passing hurriedly over the first part, to see what is said, at the 
end, of casting, forging, and fitting, and will cause him to read 
it as it comes, which will in the end be best for the reader, and 
certainly but fair to the writer. 



CHAPTER I. 

PLANS OF STUD YIiXG, 



By examining the subject of applied mechanics and shop mani- 
pulation, a learner may see that the knowledge to be acquired 
by apprentices can be divided into two departments, that may be 
called general and special. General knowledge relating to tools, 
processes and operations, so far as their construction and action 
may be understood from general principles, and without special 
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jntal instniction. Special knowledge is that whi< 
ia bn^ed upon experiment, and cau only be Acquired by specii 
as distinguisbed from general sources. 

To make this plainer, the laws of forcea, the proportion 
parts, strength of material, and so on, are subjecta of general know- 
ledge that may be acquired from books, and understood without 
the aid of an acquaintance with the technical conditions of 
either the mode of constructing or the manner of operating 
machines ; but how to construct proper patterns for castings, or 
how the parts of machinery should be moulded, forged, or fitted, 
is special knowledge, and mnst have reference to particular cases. 
The proportioDH of pulleys, beaiJngs, screws, or other regular de- 
tails of machinery) may be Jearned from general rules and prin- 
ciples, but the hand ^ill that enters into the manufacture of 
these articles cannot be learned except by observation and 
experience. The general design, or the disposition 
maehine-f taming, cau be to a great extent founded upon rules 
iind constants that have general appliwition ; but, as in the casa 
of wheels, the plans of mouldiiig such machine frames are not 
governed by constant rules or performed in a uniform 
Patterns of different kinds may be employed ] moulds may 
made in various ways, and at a greater and less expense; th»' 
tuetal can be mixed to produce a hard or a soft casting, a strong 
or a weak one ; the conditions under which the metal is poured 
may govern the souudnesa or shrinkage,— things that are deter- 
mined by special instead of general conditions. 

The importance of a beginner learniug to divide what ha has 
to learn into these two departments of special and general, has 
the advantage of giving system to hjs plans, and pointing out 
that part of his education which must be acquired in the work- 
shop and by practical experience. The time and opportutdties 
which might be devoted to learning the technical manipulations 
of a foundry, for instance, would be improperly spent if devoted 
to metallurgic clienustry, because the latter may be studied apart 
from practical foundry manipulation, and without the oppor- 
tanitf of observing casting operations. 

It may also be remarked that the special knowledge involved 
in applied mechanics is mainly to be gathered and retained by 
persomd observation and memory, and that this part is the 
greater one ; all the formulte relating to machine construction 
may be learned in a shorter time than is required to miiater and 
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uiiderstand the operations which may be performed on an engine 
lathe. Hence first lessons, learned when the mind is interested 
and active, should as far as possible include whatever is special ; 
in short, no opportunity of learning special manipulation should 
be lost. If a wheel pattern come under notice, examine the manure 
in which it is framed together, the amount of draught, and how 
it is moulded, as well as to determine whether the teeth have 
true cycloidal curves. 

Once, nearly all mechanical knowledge was of the class termed 
special, and shop manipulations were governed by empirical rules 
and the arbitrary opinions of the skilled ; ah apprentice entered 
a shop to learn a number of mysterious operations, which could 
not be defined upon principles, and only understood by special 
practice and experiment. The arrangement and proportions of 
mechanism were also determined by the opinions of the skilled, 
and like the manipulation of the shop, were often hid from the 
. apprentice, and what he carried in his memory at the end of an 
apprenticeship was all that he had gained. The tendency of 
this was to elevate those who were the fortunate possessors of a 
strong natural capacity, and to depress the position of those less 
fortunate in the matter of mechanical " genius," as it was called. 
The ability to prepare proper designs, and to succeed id original 
plans, was attributed to a kind of intuitive faculty of the mind; 
in short, the ijaechanic arts were fifty years ago surrounded by 
a superstition of a different nature, but in its influences the same 
as superstition in other branches of knowledge. 

But now all is changed : natural phenomena have been ex- 
plained as being but the operation of regular laws; so has 
mechanical manipulation been explained as consisting in the 
application of general principles, not yet fully understood, but 
far enough, so that the apprentice may with a substantial educa- 
tion, good reasoning powers, and determined effort, force his way 
where once it had to be begged. The amount of special know- 
ledge in mechanical manipulation, that which is irregular and 
modified by special conditions, is continually growing less as 
generalisation and improvement go on. 

Another matter to be considered is that the engineering 
apprentice, in estimating what he will have to learn, must not 
lose sight of the fact that what qualifies an engineer of to-day 
will fall far short* of the standard that another generation will fix, 
and of that period in which his practice will fall. This I men- 
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n lecaiiae it will have mucli to do witb the conceptions tbiit a 
learoei will form of what he sees around him. To anticipati 
improTement and change is not only the highest power 
vtich a mechanical eogineer can hope to attain, but is the ke^ 
to iuB success, 

By examining the history of great achievements in the mechnnio 
Uta, it wUl be seen that success has been mainly dependent upou 
titedicting future want.'^, aa well as upou an ability to supply 
moh wants, and that the commercial value of mechanical im- 
pKiveiiientB is often measured by conditions that the improve- 
Slenta themselves anticipate. The ijivection of machine-made 
dnlls, for example, was but a, small matter ; but the demand that 
lias grown np since, and because of their existence, has rendered 
(hlB improvement one of great Talue. Moulded bearings for 
jslnfts were also a trilling improvement when lirst made, but it 
' lias since infiuenced machine construction in America in a way 
' tbat has given great importance to the invention. 
I It is generally useless and injudicious to either espect or to 
sefureh after radical changes or sweeping improvements in 
machine manufacture or machine application, but it is im- 
portant in learning how to construct and apply machinery, that 
llie means of foreseeing what is to come in future should at the 
eame time be considered. The attention of a learner can, for 
taample, be directed to the division of labour, improvements in 
' abop system, how and where commercial interests are influenced 
' by machinery, what countries are likely to develop manufactures, 
me influence of steam-hammers on forging, the more extended 
I use of ateel when cheapened by improved processes for producing 
i^ the division of mechanical industry into special branches, 
irbat kind of machinery may become sbiple, such as shafts, pul- 
I leys, wheels, and so on. These things are mentioned at random, 
to indicate what b meant by looking into the future as well us 
at the present. 

Following this subject of future improvement farther, it may 
he assumed that an engineer who underatauda the application 
' ud operation of some special machine, the principles that 
govern its movements, the endurance of the wearing surfaces, 
tiie direction and measure of the strains, and who also under- 
rtaods the principles of the distribution of material, arrange- 
ment, and proportions, — that sucii an engineer will be able to 
coiislract machines, the plans of which will uot be materially 
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means the difficulty for a beginner that is generally supposed; 
and when once reached, the truth will break upon the mind like 
a sudden discovery, and ever afterwards be associated with 
mechanism and motion whenever seen. The learner will after- 
wards find himself analysing the flow of water, the traffic in the 
streets, the movement of ships and trains; even the act of 
walking will become a manifestation of power, all clear and 
intelligible, without that air of mystery that is otherwise insepar- 
able from the phenomena of motion. If the learner will go on 
farther, and study the connection between heat and force, the 
mechanical equivalent of heat when developed into force and 
motion, and the reconversion of power into heat, he will have 
commenced at the base of what must constitute a thorough 
knowledge of mechanics, without which he will have to continu- 
ally proceed under difficulties. 

I am well aware of the popular opinion that such subjects are 
too abstruse to be understood by practical mechanics — an assump- 
tion that is founded mainly in the fact that the subject of heat 
and motion are not generally studied, and have been too recently 
demonstrated in a scientific way to command confidence and at- 
tention ; but the subject is really no more difficult to understand 
in an elementary sense than that of the relation between move- 
ment and force illustrated in the " mechanical powers " of school- 
books, which no apprentice ever did or ever will understand, 
except by first studying the principles of force and motion, 
independent of mechanical agents, such as screws, levers, wedges, 
and so on. 

It is to be regretted that there has not been books especially 
prepared to instruct mechanical students in the relations between 
heat, force, motion, and practical mechanism. The subject is, of 
course, treated at great length in modern scientific works, but is not 
connected with the operations of machinery in a way to be easily 
understood by beginners. A treatise on the subject, called " The 
Correlation and Conservation of Forces," published by D. Appleton 
& Co. of New York, is perhaps as good a book on the subject as 
can at this time be referred to. The work contains papers con- 
tributed by Professors Carpenter, Grove, Helmotz, Faraday, and 
others, and has the advantage of arrangement in short sections, 
that compass the subject without making it tedious. 

In respect to books and reading, the apprentice should supply 
himself with references. A single book, and the best one that can 
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be obtained on each of the different branches of engineering, is 
enoagh to begin with. A pocket-book for reference, such as 
Molesworth's or Nystrom's, is of use, and should always be at 
hand. For general reading, nothing compares with the scientific 
and technical journals, which are now so replete with all kinds of 
information. Beside noting the present progress of engineering 
industry in all parts of the world, they contain nearly all be- 
sides that a learner will require. 

It will be found that information of improvements and mecha- 
nical progress that a learner may gather from serial publications 
can always be exchanged for special knowledge in his intercourse 
with skilled workmen, who have not the opportunity or means of 
reading for themselves ; and what an apprentice may read and 
learn in an hour can often be "exchanged" for experimental 
knowledge that has cost years to acquira 

(1.) Into what two divisions can a knowledge of constructive 
mechanics be divided ? — (2.) Give an example of your own to distinguish 
between special and general knowledge. — (3.) In what, manner is special 
knowledge mostly acquired ? — (4) What has been the effect of scientific 
investigations upon special knowledge ? — (5.) What is meant by the 
division of labour ?— (6.) Why have engineering tools been less changed 
than most other kinds of machinery during twenty years past? — 
(7.) What is meant by machine functions ; adaptation ; construction ? 
— (8.) Why has the name "mechanical powers" been applied to screws, 
levers, wedges, and bo on ? — (9.) Can power be conceived of as an 
element or principle, independent of mechanism ? 



CHAPTER IL 

MECHANICAL ENGINEERING, 

This work, as already explained, is to be devoted to mechanical 
engineering, and in view of the difference of opinion that exists 
as to what mechanical engineering comprehends, and the different 
sense in which the term is applied, it will be proper to explain 
what is meant by it here. 
I am not aware that any one has defined what constitutes 
. dvil engineering, or mechanical engineering, as distinguished one 
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from the other, nor is it assumed to fix any standard here 
farther than to serve the purpose of explaining the sense in which 
the terms will be used ; yet there seems to be a clear line of 
distinction, which, if it does not agree with popular use of the 
terms, at least seems to be furnished by the nature of the busi- 
ness itself. It will therefore be assumed that mechanical 
engineering relates to dynamic forces and works that involve 
machine motion^ and comprehends the conditions of machine 
action, such as torsional, centrifugal, intermittent, and irregular 
strains in machinery, arising out of motion ; the endurance of 
wearing surfaces, the constructive processes of machine-making 
and machine effect in the conversion of material — ^in short, agents 
for converting, transmitting, and applying power. 

Civil engineering, when spoken of, will be assumed as referring 
to works that do not involve machine motion, nor the use of 
power, but deal with static forces, the strength, nature, and 
disposition of material under constant strains, or under measured 
strains, the durability and resistance of material, the construction 
of bridges, factories, roads, docks, canals, dams, and so on ; also, 
levelling and surveying. This corresponds to the most common 
use of the term civil engineering in America, but differs greatly 
from its application in Europe, where civil engineering is under- 
stood as including machine construction, and where the term 
engineering is applied to ordinary manufacturing processes. 

* Civil engineering, in the meaning assumed for the term, has 
become almost a pure mathematical science. Constants are proved 
and established for nearly every computation ; the strength and 
durability of materials, from long and repeated tests, has come 
to be well understood ; and as in the case of machine tools, the j 
uniformity of practice among civil engineers, and the perfection 
of their works, attest how far civil engineering has become a 
true science, and proves that the principles involved in the con- 
struction of permanent works are well understood. 

To estimate how much is yet to be learned in mechanical 
engineering, we have only to apply the same test, and when we 
contrast the great variance between the designs of machines and 
the diversity of their operation, even when applied to similar 
purposes, their imperfection is at once apparent. It must, how- i 
ever, be considered that if the rules of construction were uniform, j 
and the principles of machine operation as well understood as j 
the strength and arrangement of material in permanent struc- J 
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I^Btill there would remain the difficulty of .iflaptation to new 
Saea, which are continually being developed. 
E the steam-engine, for instance, had forty years ago been 
rf)t to such a state of improvement aa to be constructed 
CBtandord proportions and arrangement for stationary pur- 
^ bU the rales, constants, and data of whatever kind that 
□ collected and proved, would have been but of little use 
Idapting steam-engines to railways and the purposes of 

eclianical engineering hua by the force of circumstauces 

Kdivided up into brauchea relating to engineering toots, mil- 

feroachinery, m&rine engines, uud so on ; eitlier brancit of 

Tl constitutes a profession wltliio itself. Most tborougli study 

e required to master general principles, and tlien a farther 

i to acquii'e proficiency in some special branch, without 

"a but little chance of success at the present day. 

master the various details of machine manufacture, 

ing draughting, founding, forging and fitting, is of itself 

k equal to most professional pursuits, to say nothing of 

il skiU ; and when we come to add machine functiuns and 

■Implication, generating and transmitting power, with other 

k that will necessarily be included iit practice, the task 

I proportions that makes it appear a hopeless otic. 

I, the work of keeping progress with the mechanic arts 

X a continual accretion of knowledge ; and it is no smalt 

T to keep informed of the continunl changes and improve- 

^ that are going on in all parts of the world, which may at 

e modify and change both machines and processes. But 

I, even under the most favourable conditions, have been 

I qualify themselves as competent mechanical engineers 

p than at forty years of age. 

b of the earliest cares of an apprentice should be to divest 

of what I will call the romance of mechanical 

ing, almost inseparable from such views as are often 

' 1 technological schools. He must remember that it 

M% Bcience he is studying, and that mathematics deal only 

^ne branch of what is to be learned. Special knowledge, 

t does not come within the scope ot general principles, 

the gained in n moat practical way, at the expense of hard 

^broiiied fingers, and a disregard of much that the world 

my. 
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Looking ahead into the future, the apprentice can see a field 
for the mechanical engineer widening on every side. As the con- 
struction of permanent works becomes more settled and uniform, 
the application of power becomes more diversified, and develops 
problems of greater intricacy. No sooner has some great 
improvement, like railway and steam navigation, settled into 
^ystem and regularity than new enterprises begin. To offset the 
Undertaking of so great a work as the study of mechanical 
engineering, there is the very important advantage of the 
exclusiveness of the calling — a condition that arises out of its 
difficulties. If there is a great deal to learn, there is also much 
to be gained in learning it. It is seldom, indeed, that an effi- 
cient mechanical engineer fails to command a place of trust and 
honour, or to accumulate a competency by means of his calling. 

If a civil engineer is wanted to survey railways, construct 
docks, bridges, buildings, or permanent works of any kind, 
there are scores of men ready for the place, and qualified to dis- 
charge the duties ; but if an engineer is wanted to design and 
construct machinery, such a person is not easy to be found, and 
if found, there remains that important question of competency ; 
for the work is not like that of constructing permanent works, 
where several men may and will perform the undertaking very 
much in the same manner, and perhaps equally well. In the 
construction of machinery it is different; the success will be 
directly as the capacity of the engineer, who will have but few 
precedents, and still fewer principles, to guide him, and generally 
has to set out by relying mainly upon his special knowledge of 
the operation and application of such machines as he has to 
construct. 

(1.) How may mechanical be distinguished from civil engineering ? — 
(2.) What test can be applied to determine the progress made in any 
branch of engineering ?— (3.) What are some of the conditions which 
prevent the use of constants in machine construction ? — (4.) Is mechani- 
cal engineering likely to become more exact and scientific ? — (5.) Name 
some of the principal branehes of mechanical engineering. — (6.) Which 
is the most extensive and important ? 
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CHAPTER in. 

EKdNEERING AS A CALLING. 

My in tiie abstract be claimed that the dignity of any 

' ' is or should be as the amount of good it confers, and the ■ 

e it exerts for the improvement of mantind. The social 

\ those engaged in the various avocations of life has, in 

ait countries and in different ages, been defined by various 

Physical strength and courage, hereditary privilege, 

r things that once recommended men for preferment, 

it countries passed away or are regarded as matters 

i importance, and the whole civilised world have 

, upon one common standard, that knowledge and its 

e shall be the highest and most honourable attainment 

b people may aspire. 

Boay be useless or even wrong to institute invidious com- 

yta between different callings which are all useful and 

Utry, and the matter is not introduced here with any view 

itlting the engineering profession ; it is for some reasons 

ted that the subject is alluded to at all, but there is too 

> be gained by an apprentice having a pride and love 

i calling to pass over the matter of its dignity as a pursuit 

calling attention to it. The gauntlet has been thrown 

d comparison provoked by the unfair and unreasonable 

at the politician, the metaphysician, and the moral 

ipber have in the past assigned to the sciences and con- 

e art«. Poetry, metaphysics, mythology, war, and super- 

ve in their time engrossed the literature of the 

I formed the subject of what was aJone considered 

half century past all has changed ; the application of 

iences, the utilisation of natusal forces, manufacturing, 

iBportatioit of material, the preparation and ditTosion of 

matter, and other great matters of human interest, have 

to aliape our laws, control commerce, establish new relations 

people and countries — in short, has revolutionised the 

Id, So rapid has been this change that it has outrun the 

ct%of conception, and people waken as from a dream to 

themselves governed by a new master. 
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Considering material progress as consisting primarily in the 
demonstration of scientific truths, and secondly, in their appli- 
cation to useful purposes, we can see the position of the engineer 
as an agent in this great work of reconstruction now going on 
around us. The position is a proud one, but not to be attained 
except at the expense of great effort, and a denial of everything 
that may interfere with the acquirement of knowledge during 
apprenticeship and the study which must follow. 

The mechanical engineer deals mainly with the natural forces, 
and their application to the conversion of material and trans- 
port. His calling involves arduous duties; he is brought in 
contact with what is rough and repulsive, as well as what is 
scientific and refined. He must include grease, dirt, manual 
labour, undesirable associations, and danger with apprenticeshi|), 
or else be content to remain without thoroughly understanding 
his profession. 

(1.) What should determine the social rank of industrial callings ?-^ 
(2.) Why have the physical sciences and mechanic arts achieved so 
honourable a position ? — (3.) How may the general object of the engin- 
eering arts be described ? — (4.) What is the difference between science 
and art as the terms are generally employed in connection with practical 
industry ? 



CHAPTER IV. 

THE CONDITIONS OF APPRENTICESHIP, 

Were it not that moral influences in learning mechanics, as in 
all other kinds of education, lie at the bottom of the whole mat- 
ter, the subject of this chapter would not have been introduced. 
But it is the purpose, so far as possible, to notice everything that 
concerns an apprentice and learner, and especially what lie has 
to deal with at the outset ; hence some remarks upon the nature 
of apprentice engagements will not be out uf place. To acquire 
information or knowledge of any kind successfully and perma- , 
uently, it must be a work of free voHtion, as well as from a sense ' 
of duty or expediency ; and whatever tends to create love and ; 
respect for a pursuit or calling, becomes one of the strongest 
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incentifea for its aaquirement, and the interest taken by a 

apprentice in bia business is for this reason greatly influenced b 

i opinions that he maj hold concerning the nature of 1:' 



p--The subject of apprentice engagemeata seems in the abstract it 
be only a commercial one, partaking of liie nature iif ordinarjf 
eontracts, and, no dimbt, can be so construed eo far as beln^^ 
an exchsnge of " considerations," but no farther. Its intricacy iiifl 
cotablished by the fact that all countries where skilled labour existal 
hftve attempted Jegislation to regulate apprenticeship, and to ^ 
deBse the terms and conditions between master and apprentice; 
Imt, aside from preventing the abuse of powers delegated to 
masters, and in some cases forcing a nominal fulfilment of con- 
ditiona defined in contracts, sach legislatioi), like that intended 
to control commerce and trade, or the opinions of men, has failed 
to attam the objects for which it was intruded. 

This failure of laws to regulate apprenticeship, which facts 
tviXf warrant us in assuming, is due in a large degree to the 
inpossibility of applying general rules to special cones ; it may 
be attributed to the same reasons which make it useless to fix 
'Valaes or the conditions of exchange by legislation. What is 
required is that the master, the apprentice, and the public should 
understand the true relations between them — the value of what 
ia given and what is received on both sides. When this is 
understood, the whole matter will regulate itself without any 
interference on the part of the law. 

The subject is an intricate one, and has been so much uffeeted 
by the influence of machine improvement, and a correspoi; " 
decrease in what may be called spociai knowledge, that rules 
^poutions which wonld fifty years ago apply to the conditiona>J 
of apprenticeship, wilt at the present day be wrong and unjust I 
mBwed in a commercial eeiise, as an exchange of considerations ^ 
' 4r Talues, apprenticeship can be regarded like other engage- 
HHits ; yet, what an apprentice gives as well as what he receives 
we Alike too conditional and indeSnite to he estimated by ordi- 
i' mrj standards. An apprentice eEchanges unskilled or inferior 
I hbonr fur technical knowledge, or for the privilege and means 
L at acquiring such knowledge. The master is presumed to impart 
k 'I kind of special knowledge, collected by him at great expense 
L Ind pains, Jn return for the gain derived from the unskilled 
1 IriNurof the learner. This special knowledge given by the master . 
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^ may be imparted in a longer or shorter time ; it may be thorongl 
and valuable, or not thorough, and almost useless. The privileges 
of a shop may be such as to offset a large amount /of valuable 
labour on the part of the apprentice, or these privileges may be of 
such a character as to be of but little value, and teach inferior 
plans of performing work. 

On the other hand, the amount that an apprentice may earn 
by his labour is governed by his natural capacity, and by the in- 
terest he may feel in advancing; also from the viev^ he may take 
of the equity of his engagement, and the estimate that he places 
upon the privileges and instruction that he receives. In many 
branches of business, where the nature of the operations carried on 
are measurably uniform, and have not for a long time been much 
affected by changes and improvements, the conditions of appren- 
ticeship are more easy to define ; but mechanical engineering is 
the reverse of this, it lacks uniformity both as to practice and 
what is produced. To estimate the actual value of apprentice 
labour in an engineering-work is not only a very difiicult matter, 
but to some extent impracticable even by those of long experience 
and skilled in such investigations ; and it is not to be expected 
that a beginner will under such circumstances be able to unde^ 
stand the value of such labour : he is generally led to the con- 
clusion that he is unfairly treated, that his services are not suffi- 
ciently paid for, and that he is not advanced rapidly enough. 

With these conclusions in his mind, but little progress will be 
made,, and hence the reason for introducing the subject here. 

The commercial value of professional or technical knowledge 
is generally as the amount of time, effort, and unpaid labour that 
has been devoted to its acquirement. This value is sometimes 
•modified by the exclusiveness of some branch that has been 
made the object of special study. Exclusiveness is, however, 
becoming exceptional, as the secrets of manufacture and special 
knowledge are supplanted by the application of general prin- 
ciples ; it is a kind of artificial protection thrown around certain 
branches of industry, and must soon disappear, as unjust to the 
public and unnecessary to success. 

In business arrangements, technical knowledge and professional 
experience become capital, and offset money or property, not 
under any general rule, nor even as a consideration of which the 
law can define the value or prescribe conditions for. Tho 
estimate placed upon technical knowledge wh6n rated as capital 
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9 organiaation of business firms, and wherever it becomes 
Wry to give such knowledge a commercial value, furuiahea 
est and almost the only source from which au apprentice 
a an opinion of the money value of what he is to acquire 
t his apprenticeship. 
Ii&pprentice at first generally forms an exaggerated estimate 
lat he has to learn ; it presents to liis mind not only a great 
iking, hat a kind of mystery, which he feara that lie may 
fi able to master. The next stage is when he has made 
■ progress, and begins tu underrate the task befure him, and 
e that the main difficulties are past, that he has already 
mastered all the leading principles of mechanics, which is, after 
all, but 0, "small matter." In a third stage an apprentice 
experiences a return of his first impressions as to the difficulties 
of his undertaking ; he begins to see his calling as one that 
moat involve endless detail, comprehending things which can 
only be studied in connectioii with personal experience ; he sees 
"the horizon widen as it recedes," that he has hardly begun 
Oa task, instead of having completed it — even despairs nf its 
final accomplishment. 

In the workshop, mechanical knowledge of some kind is cou' 
iiinially and often insensibly acquired by a learner, who observes 
the operations that are going on around hint ; he is continually 
arvling himself of the experience of those more advanced, and 
leama by association the rules and customs of the shop, of the 
bnainess, and of discipline and management. He gathers the 
technical terms of the fitting-shop, the forge and foundry; notes 
.the operations of planing, turning, drilling, and boring, with the 
names and application of the machines directed to these oper- 
ationB. He sees the various plans of lifting and moving material, 
tba arrangement and relation of the several departments to 
foiulitate tlie course of the work in process ; he also learns where 
the product of the works is sold, discusses the merits and adap- 
tation of what is constructed, which leads to considering the 
wants that create a demand for this product, and the extent and 
natare of the market in which it is sold. 

All these things constitute technical knowledge, and the 
privilege of their acquirement is au element of value. The 
common view taken of tbe matter, however, is that it costs 
nothing for a master to afford these privileges — the work must 
at any rate be carried on, and is not retarded by being watched 
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and learned by apprentices. Viewed from any point, the pri- 
vileges of engineering establishments have to be considered as 
an element of value, to be bought at a price, just as a ton 
of iron or a certain amount of labour is; and in a commer- 
cial sense, as an exchangeable equivalent for labour, material, 
or money. In return a master receives the unskilled labour or 
service of the learner ; this service is presumed to be given at a 
reduced rate, or sometimes without compensation, for the privi- 
leges of the works and the instruction received. 

In forming an estimate of the value of his services, an appren- 
tice sees what his hands have performed, compares it with what 
a skilled man will do, and estimates accordingly, assuming that 
his earnings are in proportion to what has been done ; but this 
is a mistake, and a very different standard must be assumed to 
arrive at the true value of such unskilled labour. 

Apprentice labour, as distinguished from skilled labour, has 
to be charged with the extra attention in management, the loss 
that is always occasioned by a forced classification of the work, 
the influence in lowering both the quality and the amount of 
work performed by skilled men, the risk of detention by failure 
or accident, and loss of material ; besides, apprentices must be 
charged with the same, if not a greater expense than skilled 
workmen, for light, room, oil, tools, and office service. Attempts 
have been made in some of the best-regulated engineering estab- 
lishments to fix some constant estimate upon apprentice labour, 
but, so far as known, without definite results in any case. If 
not combined with skilled labour, it would be comparatively 
easy to determine the value of apprentice labour ; but when it 
comes up as an item in the aggregate of labour charged to a 
machine or some special work constructed, it is difficult, if not 
impossible, to separate skilled from unskilled service. 

Another condition of apprenticeship that is equally as difficult 
to define as the commercial value of mechanical knowledge, or 
that of apprentice labour, is the extent and nature of the faci- 
lities that dijfferent establishments afford for learners. 

In speaking of the mechanical knowledge to be gained, and of 
the privileges afforded for learners in engineering-works in a 
general way, it must, of course, be assumed that such works 
afford full facilities for learning some branch of work by the 
best practice and in the most thorough manner. Such establish- 
ments are, however, graded from the highest class, on the best 
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■k, wliere a premium would be equitable, down 
lowest class, jierforming only inferior brancLes of work, 
there caii be little if any adyaiitage gained by serving au 
iticeship. 

ides this want or difference of facilities wliioh establiab- 
may afford, there is the farther distinction to b« made 
engineering establishmeut aud one that is directed 
maniifacture of etaple articles. This distinction between 
ing-works and manufacturing is quite pltun to engineers 
.res, but in many cases is not so to those who are to enter 
to their friends who advise them. In every 
there engi^emeuts are made there should be the fullest 
.vestigation as to the character of the works, not only to 
It the learner, hut to guard regular engineering establish- 
. in the advantages to be gained by apprentice labour. A 
madiiiiiat or a manufacturer who employs only the muscular 
Btrragth and the ordinary faculties of workmen in his operations, 
can afford to pay an apprentice from the beginning a fair shaie 
of bis earnings J bat an engineering-work that projects original 
Itl&ns, generates designs, .and assumes risks based upon skill and 
special knowledge, is very different from a manufactory. To 
manufacture is to carry on I'egular processes for converting 
material; suck .processes being constantly the same, or npproxi- 
mately so, and such as do not demand much mechanical kuow- 
Vtedge on the part of workmen. 
^"The name of having been an apprentice to a famous firm may 
sometimes have an influence iii eniibling an engineer to form 
advantageous commercial connections, hut generally an appren- 
tioeBhip is of value only as it has furnished substantial knowledge 
and eluil ; for every one must sooner or later come down to the 
Bolid 'ba&in of their actual abilities and acquirements. The engi- 
neering interest is by far too practical to recognise a shadow 
Uistead of true substance, and there is but little chance of 
deception in a calling which deals mainly with facts, figures, and 
positive demonstration. 
Y^ It is best, when an apprentice tkinks of entering an engineer- 
ing establishment, to inquire of its character from disinterested 
persons who are qualified to judge of tlie facilities it affords. 
As a rule, every machine-shup proprietor imagines his own 
utablish merit to combine all the elements of au engineering 
business — and the fewer the facilities for learners, usually the 
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more extravagant this estimate ; so that opinions in the matter, 
to be relied upon, should come from disinterested sources. 

In regard to premiums, it is a matter to be determined 
by the facilities that a work may afford for teaching apprentices. 
To include experience in all the departments of an engineering 
establishment, within a reasonable term, none but those of un- 
usual ability can make their services of sufficient value to offset 
what they receive; and there is no doubt but that premium 
engagements, when the amount of the premium is based upon 
the facilities afforded for learning, are fair and equitable. 
/^ There is, however, this to be remembered, that the considera- 
/ tions which more especially balance premiums — such as a term at 
draughting, designing, and office service — may be mainly acquired 
by self-effort, while the practical knowledge of moulding, forging, 
and fitting cannot; and an apprentice who has good natural 
capacity, may, if industrious, by the aid of books and such 
opportunities as usually exist, qualify himself very well without 
including the premium departments in his course. 

Finally, it must constantly be borne in mind that what will 
be learned is no less a question of faculties than effort, and that 
the means of succeeding are closed to none who at the beginning 
form proper plans, and follow them persistently. 

(1.) Why cannot the conditions of apprentice engagements be deter- 
mined by law 1 — (2.) In what manner does machine improvements affect 
the conditions of apprenticeship ? — (3.) What are the considerations 
which pass from a master to an apprentice ? — (4.) What from an appren- 
tice to a master ? — (5.) Why is a particular service of less value when 
performed by an" apprentice than by a skilled workman ? — (6.) In what 
manner can technical knowledge be made to balance or become capital ? 
— (7.) Name two of the principal distinctions between technical know- 
ledge and property as constituting capital. — (8.) AVhat is the difference 
between what is called engineering and regular manufactures ] 
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CHAPTER V. 

THE OBJECT OF MECHANICAL INDUSTRY. 

Meohanioal engineering, like every other biisineas pursuit, is 
directed to the acuunmUtlinn of weiilth ; and as the altaiiimenC 
(tf any purpose is more surely achieved by keeping that purpose 
eontmually in view, there will be no harm, and perhaps coneider- 
■hle gain derived by an apprentice considering at the beginning 
the main object to whiclt his efforts will be directed after learu- 
ing his profeasioD or trade. So fur as au abstract principle of 
motives, the subject is of course uniit to consider in con- 
nectiOQ with engiueering operutioDS, or shop mauipiilatioii ; but 
business objects Lave a practical application to be followed 
Ihroiighout tile whole system of industrial pursuits, and are as 
proper to be considered in connection with machine- manufactur- 
ing as mechanical principles, or the funotioiia and operation of 
macbinea. 

The cost of production is an element that continually modifies 
or improves manufacturing processes, determines the success of 
eveiy establishment, and must be considered continually ia 
making drawings, patterns, forgings, and castings. Machines 
■reconstructed because of Hie differeTict between, what tltei/ cost 
Vid vihat ikey sell for — between their manufacturing coat and 
nuiket value when they are completed. 

It fleems hard to deprive engineering pursuits of the romance 
&xt IB often attached to the buaiuess, and bring it down tu a 
matter of commercial gain ; but it is beat to deal with facts, 
npecually when such facts have an immediate bearing upoi) the 
general object in view. There is no intention in these remarks 
of disparaging the works of many noble men, who have given 
tbdr means, their time, and sometimes their lives, to the ad- 
Tsncement of the industrial arts, without hope or desire of any 
ether reward than the satisfaction of having performed a duty; 
Irat we are dealing with facts, and no false colouring should 
prevent a learner &om forming practical estimates of practical 
natters. 

The following propositions will place this subject of aims and 
objects before the reader in the sense intended; — 
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First The main object of mechanical engineering is commer- 
cial gain-r-the profits derived from planning and constructing 
machinery. 

Second, The amount of gain so derived is as the difference 
between the cost of constructing machinery, and the market 
value of the machinery when completed. 

Third. The difference between what it costs to plan and con- 
struct machinery and what it will sell for, is generally as the 
amount of engineering knowledge and skill brought to bear in 
the processes of production. 

This last sentence brings the matter into a tangible form, and 
indicates what the subject of gain should hava to do with what 
an apprentice learns of machine construction. Success in an 
engineering enterprise may be temporarily achieved by illegiti- 
mate means — such as misrepresentation of the capacity and 
quality of what is produced, the use of cheap or improper 
material, or by copying the plans of others to avoid the expense 
of engineering service — but in the end the permanent success of 
an engineering business must rest upon the knowledge and skill 
that is connected with it. 

By examining into the facts, an apprentice will find that all 
truly successful establishments have been founded and built 
upon the mechanical abilities of some person or persons whose 
skill formed a base upon which the business was reared, and 
that true skill is the element which must in the end lead to 
permanent success. The material and the labour which make 
up the first cost of machines are, taking an average of various 
classes, nearly equally divided ; labour being in excess for the 
finer class of machinery, and the material in excess for the 
coarser kinds of work. The material is presumed to be purchased 
at the same rates by those of inferior skill as by those that are 
well skilled, so that the difference in the first, or manufacturing 
cost of machinery, is determined mainly by skill. 

Skill, in the sense employed here, consists not only in preparing 
plans and in various processes for converting and shaping mate- 
rial, but also in the general conduct of an establishment, includ- 
ing estimates, records, system, and so on, which will be noticed 
in their regular order. The amount of labour involved, and 
consequently the first cost of machinery, is in a large degree as 
the number of mechanical processes required, and the time con- 
sumed in each operation ; to reduce the number of these processes 
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or operations, shorten the time in which they may be perfonned, 
and improve the quality of what is produced, is the business of 
the mechanical engineer. A careful study of shop operations or 
processes, including designing, draughting, moulding, forging, 
and fitting, is the secret of success in engineering practice, or in 
the management of manufactures. The advantages of an eco- 
nomical design, and the most carefully-prepared drawings, are 
easily neutralised and lost by careless or improper manipulation 
in the workshop ; an incompetent manager may waste ten pounds 
in shop processes, while the commercial department of a work 
saves one pound by careful buying and selling. 

This importance of shop processes in machine construction is 
generally realised by proprietors, but not thoroughly understood 
in all of its bearings ; an apprentice may notice the continual 
effort that is made to augment the production of engineering- 
works, which is the same thing as shortening the processes. 

A machine may be mechanically correct, arranged with sym- 
metry, true proportions, and proper movements; but if such a 
machine has not commercial value, and is not applicable to 
a useful purpose, it is as much a failure as though it were 
mecbauically inoperative. In fact, this consideration of cost and 
commercial value must be continually present ; and a mechanical 
education that has not furnished a true understanding of the 
relations between commercial cost and mechanical excellence 
will fall short of achieving the objects for which such an educa- 
tion is undertaken. By reasoning from such premises as have 
been laid down, an apprentice may form true standards by which 
to judge of plans and processes that he is brought in contact 
with, and the objects for which they are conducted. 

(1.) To what general object are all pursuits directed ? — (2.) What 
besides wealth may be objects in the practice of engineering pursuits ? 
— (3w) Name some of the most common among the causes which reduce 
the cost of production. — (4.) Name five of the main elements which go 
to make up the cost of CDgineering products. — (5.) Why is commercial 
success generally a true test of the skill connected with engineering- 
vorks? 
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CHAPTER VI. 

ON THE NATURE AND OBJECTS OF MACHINERY, 

Machines do not create or consume, but only transmit and 
apply power ; and it is only by conceiving of power as a con- 
stant element, independent of every kind of machinery, that the 
learner can reach a true understanding of the nature of machines. 
When once there is in the mind a fixed conception of power, dis- 
sociated from every kind of mechanism, there is laid, so to 
speak, a solid foundation on which an understanding of machines 
may be built up. 

To believe a fact is not to learn it, in the sense that these 
terms may be applied to mechanical knowledge; to believe a 
proposition is not to have a conviction of its truth ; and what is 
meant by learning mechanical principles is, as remarked in a 
previous place, to have them so fixed in the mind that they will 
involuntarily arise to qualify everything met with that involves 
mechanical movement. For this reason it has been urged that 
learners should begin by first acquiring a clear and fixed con- 
ception of power, and next of the nature and classification of 
machines, for without the first he cannot reach the second. 

Machines may be defined in general terms as agents for con- 
verting, transmitting, and applying power, or motion and force, 
which constitute power. By machinery the natural forces are 
utilised, and directed to the performance of operations where 
human strength is insufficient, when natural force is cheaper, 
and when the rate of movement exceeds what the hands can 
perform. The term " agent " applied to machines conveys a true 
idea of their nature and functions. 

Machinery can be divided into four classes, each constituting 
a division that is very clearly defined by functions performed, 
as follows : — 

First Motive machinery for utilising or converting the 
natural forces. 

Second, Machinery for transmitting and distributing power. 

Third, Machinery for applying power. 

F<mrth, Machinery of transportation. 

Or, more briefly stated — 

Motive machinery. 



MOTIVE MACHINEKY. 29 

Machinery of transmission. 

Machinery of application. 

Machinery of transportation. 
These divisions of machinery will next be treated of separ- 
ately, with a view of making the classification more clear, and 
to explain the principles of operation in each division. This 
dissertation will form a kind of base upon which the prac- 
tical part of the treatise will in a measure rest. It is trusted that 
the reader will carefully consider each proposition that is laid 
down, and on his own behalf pursue the subjects farther than 
the limits here permit. 

(1.) To "what three general objects are machines directed ? — (2.) How 
are machines distinguished from other works or structures ? — (3.) Into 
what four classes can machinery be divided ? — (4.) Name one principal 
type in each of these four divisions. 



CHAPTER VII. 
MOTIVE MACHINERY. 

In this class belong — 

Steam-engines. 

Caloric or air engines. 

Water-wheels or water-engines. 

Wind -wheels or pneumatic engines. 
These four types comprehend the motive-power in general use 
at the present day. In considering different engines for motive- 
power in a way to best comprehend their nature, the first view 
to be taken is that they are all directed to the same end, and all 
deal with the same power ; and in this way avoid, if possible, the 
impression of there being different kinds of power, as the terms 
water-power, steam-power, and so on, seem to imply. We speak 
of steam-power, water-power, or wind-power ; but power is the 
same from whatever source derived, and these distinctions merely 
indicate different natural sources from which power is derived, 
or the different means employed to utilise and apply it. 

Primarily, power is a product of heat; and wherever force 
and motion exist, they can be traced to heat as the generating 
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element: whether the medium through which the power is 
obtained be by the expansion of water or gases, the gravity of 
water, or the force of wind, heat will always be found as the I ^ 
prime source. So also will the phenomenon of expansion belir 
found a constant principle of developing power, as will again i)t 
be pointed out. As steam-engines constitute a large share of 
the machinery commonly met with, and as a class of machinery 
naturally engrosses attention in proportion, the study of mechanii ' 
generally begins with steam-engines, or steam machinery, as j 
may be called. 

The subject of steam-power, aside from its mechanical con- 
sideration, is one that may afford many useful lessons, by tracing 
its history and influence, not only upon mechanical industry, 
but upon human interests generally. This subject is often 
treated of, and both its interest and importance conceded ; but no 
one has, so far as I know, from statistical and other sources, 
ventured to estimate in a methodical way the changes that can 
be traced directly and indirectly to steam-power. 

The steam-engine is the most important, and in England and 
America best known among motive agents. The importance of 
steam contrasted with other sources of motive-power is due 
not so much to a diminished cost of power obtained in this way, 
but for the reason that the amount of power produced can be 
determined at will, and in most cases without reference to local 
conditions; the machinery can with fuel and water be trans- 
ported from place to place, as in the case of locomotives which 
not only supply power for their own transit, but move besides 
vast loads of merchandise, or travel. 

For manufacturing processes, one importance of steam-power 
rests in the fact that such power can be taken to the 
material ; and beside other advantages gained thereby, is the 
difference in the expense of transporting manufactured pro- 
ducts and the raw material. In the case of iron manufacture, 
for example, it would cost ten times as much to transport the ore 
and the fuel used in smelting as it does to transport the manu- 
factured iron ; steam-power saves this difference, and without 
such power our present iron traffic would be impossible. In a 
great many manufacturing processes steam is required for heat- 
ing, bleaching, boiling, and so on ; besides, steam is now to a large 
extent employed for warming buildings, so that even when water 
or other power is employed, in most cases steam-generating 
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B[jparat«3 lias to be set up in addition. In many oases waste 
ttoam or waste heat from a steam-engine can be emplojed. for 
,ttie purposes named, saving most of the expense that must be 
iacorred i£ specia! apparatus is employed. 

Other reasons for tlie extended and general use of ateam as iv 
^wer, besides tliose already named, are to he found in the fact 
ihit no other available element or aubatance can be expanded to 
T given degree at bo small a cost as water; and that its tem- 
-^Tftture will not rise to a point injurious to machinery, and, 
further, in the very important property of lubrication which 
ateam possessea, protecting the frictional surfaces of pistons and 
Tilres, which it is impossible to keep oiled because uf their 
inacceasibility or temperature. 

The steam-engine, in the sense in which tjie term is employed, 
DieanB not only steam-using machinery, but steam-generating 
machinery or plant ; it indudes the engine proper, with the 
boi^r, mechanism for feeding water to the boiler, machinery for 
governing speed, indicators, and other detaUs. 

An apprentice must guard against the too common impres- 
tatm that the engine, cylinder, piston, valves, and bo on, are the 
main parts of steam machinery, and that the boiler and furnace 
an only auxiliaries. The boiler is, in fact, the base of tlie whole, 
tbat part where the power is generated, the engine being merely 
an agent for transmitting power from the boOer to work that is 
performed. This proposition would, of course, be reached by 
any one in reasoning about the matter and following it to a cou- 
olnsion, but the fact should be iixed in the mind at the 
le^nning. 

When we look at a steam-engine there are certain impressions 
conveyed to the mind, and by these impressions we are governed 
in a, train of reflection that follows. We mny conceive of a 
eyiiuder and its details as a complete machine with independent 
fooctious, or we can conceive of it as a mechanical device for 
tcansmittiiig the force generated by a boiler, and this concep- 
tion might be independent o^ or even contrary to, specific know- 
ledge that we at the same time possessed ; hence the importance 
ef starting with a correct idea of the boiler being, as we may say, 
the bose of ateam machinery. 

Ab reading books of fiction sometimes expands the mind and 
enables it to grasp great jiractical truths, so may a study of 
■ibtlract principles often enable us to comprehend the simplest 
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forms of mecLanism. Even Humboldt and Agassiz, it is said, 
resorted sometimes to imaginative speculations as a means of 
enabling tbem to grasp new trutbs. 

In no otber branch of machinery has so much research and 
experiment been made during eighty years past as in steam 
machinery, and, strange to say, the greater part of this research 
has been directed to the details of engines ; yet there has been 
no improvement made during the time which has effected any 
considerable saving of heat or expense. The steam-engines of 
fifty years ago, considered as steam-using machines, utilised 
nearly the same proportion of the energy or power developed by 
the boiler as the most improved engines of modern construction 
— a fact that in itself indicates that an engine is not the vital 
part of steam machinery. There is not the least doubt that if 
the efforts to improve steam-engines had been mainly directed 
to economising heat and increasing the evaporative power of 
boilers, much more would have been accomplished with the 
same amount of research. This remark, however, does not apply 
to the present day, when the principles of steam-power are so well 
understood, and when heat is recognised as the proper element 
to deal with in attempts to diminish the expense of power. 
There is, of course, various degrees of economy in steam-using 
as well as in steam-generating machinery ; but so long as the 
best steam machinery does not utilLse but one-tenth or one- 
fifteenth part of the heat represented in the fuel burned, there 
need be no question as to the point where improvements in 
such machinery should be mainly directed. 

The principle upon which steam-engines operate may be 
briefly explained as follows : — 

A cubic -inch of water, by taking up a given amount of heat, 
is expanded to more than five hundred cubic inches of steam, 
at a pressure of forty-five pounds to the square inch. This 
extraordinary expansion, if performed in a close vessel, would 
exert a power five hundred times as great as would be required 
to force the same quantity of water into the vessel against this 
expansive pressure ; in other words, the volume of the water 
when put into the vessel would be but one five-hundredth part of 
its volume when it is allowed to escape, and this expansion, when 
confined in a steam-boiler, exerts the force that is called steam- 
power. This force or power is, through the means of the engine 
and its details^ communicated and applied to different kinds of 
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jTork where force and movement are required. The water 
employed to generate steam, like the engine and the boiler, is 
merely an agent through which the energy of heat is applied. 

This, again, reaches the proposition that power is heat, and heat 
s power, the two being convertible, and, according to modem 
jcience, indestructible ; so that power, when used, must give off 
its mechanical equivalent of heat, or heat, when utilised, develop 
its equivalent in power. If the whole amount of heat repre- 
sented in the fuel used by a steam-engine could be applied, the 
sffect would be, as before stated, from ten to fifteen times as 
great as it is in actual practice, from which it must be inferred 
that a steam-engine is a very imperfect machine for utilising 
heat. This great loss arises from various causes, among which 
is that the heat cannot be directly nor fully communicated to 
the water. To store up and retain the water after it is expanded 
into steam, a strong vessel, called a boiler, is required, and all 
the heat that is imparted to the water has to pass through 
the plates of this boiler, which stand as a wall between the heat 
md its work. 

To summarise, we have the following propositions relating to 
steam machinery : — 

1. The steam-engine is an agent for utilising the power of 
heat and applying it to useful purposes. 

2. The power of a steam-engine is derived by expanding water 
in a confining vessel, and employing the force exerted by pres- 
sure thus obtained. 

3. The power developed is as the difference of volume between 
the feed-water forced into the boiler, and the volume of the 
steam that is drawn from the boiler, or as the amount of heat 
taken up by the water. 

4. The heat that may be utilised is what will pass through 
the plates of the boiler, and be taken up by the water, and is 
but a small share of wh^t the fuel produces. 

5. The boiler is the main part, where power is generated, and 
the engine is but an agent for transmitting this power to the 
work performed. 

6. The loss of power in a steam-engine arises from the heat 
carried off in the exhaust steam, loss by radiation, and the 
friction of the moving parts. 

7. By condensing the steam before it leaves the engine, so 
that the steam is returned to the air in the form of water, and 
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of the same volume as when it entered the boiler, there is a gain 
eftected by avoiding atmospheric pressure, varying according to 
the perfection of the arrangements employed. 

Engines operated by means of hot air, called caloric engines, 
and engines operated by gas, or explosive substances, all act 
substantially upon the same general principles as steam-engines j 
the greatest distinction being between those engines wherein the 
generation of heat is by the combustion of fuel, and those wherein 
heat and expansion are produced by chemical action. With the 
exception of a limited number of caloric or air engines, steam 
machinery comprises nearly all expansive engines that are 
employed at this day for motive-power ; and it may be safely 
assumed that a person who has mastered the general principles 
of steam-engines will find no trouble in analysing and under- 
standing any machinery acting from expansion due to heat, 
whether air, gas, or explosive agents be employed. 

This method of treating the subject of motive-engines will no 
doubt be presenting it in a new way, but it is merely beginning 
at an unusual place. A learner who commences with first prin- 
ciples, instead of pistons, valves, connections, and bearings, will 
find in the end that he has not only adopted the best course, 
but the shortest one to understand steam and other expansive 
engines, 

(1.) What is principal among the details of steam machinery ? — 
(2.) What has been the most important improvement recently made in 
steam machinery ? — (3.^ What has been the result of expansive engines 
generally stated? — (4.) Why has water proved the most successful 
among various expansive substances employed to develop power? — 
(5.) Why does a condensing engine develop more power than a non-con- 
densing one ? — (6.) How far back from its development into power can 
heat be traced as an element in nature ? — (7.) Has the property of com- 
bustion a common source in all substances ? 
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CHAPTER Vlir. 

U-ATEJi-POll'EJL 

[-■WHEELB, nest to steam-enginea, are tie moat common 
agents. For centuries water- wheels remained witliout 
mprovement or change down to the period of turbiiia 
when it was discovered that instead of being a very 
matter, the science of hydraulics and ivater-wheela 
very intricate conditions, giving rise to many 
B of scientific interest, that in the end have produced 
I known as turbine wheels. 

turbine water-wheel, one of the best construotioa, 
under faTOurable conditions, gives a percentage of 
' of the water which, after deducting the friction of the 
J almost reaches the theoretical coefficient or equals the 
gravity of the water; it may therefore he assumed that there 
will in the future be but little improyement made ia such 
water-wheels except in the way of simplifying and cheapening 
tlidt construction. There is, in fact, no other class of machines 
which seem to have reached the same state of improvement as 
water-wheels, nor any other class of machinery that is con- 
Btrncted with as much uniformity of design and arrangement, in 
different countries, and by different makers. 

Water-wheels, or water-power, aa a mechanical subject, is 
apparently quite disconnected with shop manipulation, but 
will serve aa an example for conveying general ideas of force 
ftud motion, and, on those grounds, will warrant a more 
extended notice than the seeming connection with the general 
Eobject calls for. 

In the remarks upon steam-engines it was explained that 
power is derived from heat, and that the water and the engine 
were both to be regarded as agents through which power was 
applied, and further, that power is always a product of heat. 
There is, perhaps, no problem in the whole range of mechanics 
more interesting than to trace the application of this principle 
■w, machinery ; one that is not only interesting but instructive, 
may suggest to the mind of an apprentice a course of 
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investigation that will apply to many other matters connected 
with power and mechanics. 

Power derived from water by means of wheels is due to the 
gravity of the water in descending from a higher to a lower 
level ; but the question arises, What has heat to do with this 1 
If heat is the source of power, and power a product of heat, 
there must be a connection somewhere between heat and the 
descent of the water. Water, in descending from one level to 
another, can give out no more power than was consumed in 
raising it to the higher level, and this power employed to raise 
the water is found to be heat Water is evaporated by heat of 
the sun, expanded until it is lighter than the atmosphere, rises 
through the air, and by condensation falls in the form of rain 
over the earth's surface; then drains into the ocean through 
streams and rivers, to again resume its round by another 
course of evaporation, giving out in its descent power that we 
turn to useful account by means of water-wheels. This principle 
of evaporation is continually going on; the fall of rain is 
likewise quite constant, so that streams are maintained within 
a sufficient regularity to be available for operating machinery. 

The analogy between steam-power and water-power is there- 
fore quite complete. Water is in both cases the medium 
through which power is obtained; evaporation is also the 
leading principle in both, the main difference being that in the 
case of steam-power the force employed is directly from the 
expansion of water by heat, and in water-power the force is an 
indirect result of expansion of water by heat. 

Every one remembers the classification of water-wheels met 
with in the older school-books on natural philosophy, where we 
are informed that there are three kinds of wheels, as there were 
"three kinds of levers" — namely, overshot, undershot, and breast 
wheels — with a brief notice of Barker's mill, which ran apparently 
without any sufficient cause for doing so. Without finding 
fault with the plan of describing water-power commonly adopted 
in elementary books, farther than to say that some explana- 
tion of the principles by which power is derived from the 
water would have been more useful, I will venture upon a 
different classification of water-wheels, more in accord with 
modem practice, but without reference to the special mechanism 
of the different wheels, except when unavoidable. Water-wheels 
can be divided into four general types. 
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First. Gravity wheels, acting directly from the weight of the 
water which is loaded upon a wheel revolving in a vertical 
plane, the weight resting upon the descending side until the 
water has reached the lowest point, where it is discharged. 

Second, Impact wheels, driven by the force of spouting water 
that expends its percussive force or momentum against the vanes 
tangental to the course of rotation, and at a right angle to the 
face of the vanes or floats. 

Thv'd. Reaction wheels, that are " enclosed," as it is termed, 
and filled with water, which is allowed to escape under pressure 
through tangental orifices, the propelling force being derived 
from the unbalanced pressure within the wheel, or from the re- 
action due to the weight and force of the water thrown off from 
the periphery. 

Fourth. Pressure wheels, acting in every respect upon the 
principle of a rotary steam-engine, except in the diflferences that 
arise from operating with an elastic and a non-elastic fluid ; th«k 
pressure of the water resting continually against the vanes and 
** abutment," without means of escape except by the rotation of 
the wheeL 

To this classification may be added combination wheels, 
acting partly by the gravity and partly by the percussion force 
of the water, by impact combined with reaction, or by impact 
and maintained pressure. 

Gravity, or " overshot " wheels, as they are called, for some 
reasons will seem to be the most effective, and capable of utilis- 
ing the whole effect due to the gravity of the water ; but in 
practice this is not the case, and it is only under peculiar con- 
ditions that wheels of this class are preferable to turbine wheels, 
and in no case will they give out a greater per cent, of power 
than turbine wheels of the best class. The reasons for this will 
be apparent by examining the conditions of their operation. 

A gravity wheel must have a diameter equal to the fall of 
water, or, to use the technical name, the height of the head. 
The speed at the periphery of the wheel cannot well exceed 
fdxteen feet per second without losing a part of the effect by the 
wheel anticipating or overrunning the water. This, from the 
large diameter of the wheels, produces a very slow axial speed, 
and a train of multiplying gearing becomes necessary in order 
to reach the speed required in most operations where power is 
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applied. This train of gearing, besides being liable to wear and 
accident, and costing usually a large amount as an investment, 
consumes a considerable part of the power by frictional resist- 
ance, especially when such gearing consists of tooth wheels. 
Gravity wheels, from their large size and their necessarily ex- 
posed situation, are subject to be frozen up in cold climates; 
and as the parts are liable to be first wet and then dry, or warm 
and cold by exposure to the air and the water alternately, the 
tendency to corrosion if constructed of iron, or to decay if of 
wood, is much greater than in submerged wheels. Gravity 
wheels, to realise the highest measure of effect from the water, 
require a diameter so great that they must drag in the water at 
the bottom or delivering side, and are for this reason especially 
affected by back-water, to which all wheels are more or less 
liable -from the reflux of tides or by freshets. These disadvan- 
tages are among the most notable pertaining to gravity wheels, 
and have, with other reasons — such as the inconvenience of con- 
struction, greater cost, and so on — driven such wheels out of use 
by the force of circumstances, rather than by actual tests or 
theoretical deductions. 

Impact wheels, or those driven by the percussive force of 
water, including the class termed turbine water-wheels, are at 
this time generally employed for heads of all heights. 

The general theory of their action may be- explained in the 
following propositions : — 

1. The spouting force of water is theoretically equal to its 
gravity. 

2. The percussive force of spouting wat3r can be fully utilised 
if its motion is altogether arrested by the vanes of a wheeL 

3. The force of the water is greatest by its striking against 
planes at right angles to its course. 

4. Any force resulting from water rebounding from the 
vanes parallel to their face, or at any angle not reverse to the 
motion of the wheel, is lost. 

5. This rebounding action becomes less as the colun\ns of 
water projected upon the wheel are increased in number and 
diminished in size. 

6. To meet the conditions of rotation in the wheel, and to 
facilitate the escape of the water without dragging, after it has 
expended its force upon the vanes, the reversed curves of the 
turbine is the best-known arrangement. 
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nended to examine drawings, or, whs 

thenwelves, keeping the above propositi 

Modem tnrbine wheels have been the subject of the moat 
careful inveatigatiou by able engineers, and there is no lack of 
mathematical dat-i to be referred to and studied after the general 
piinciples are iinderatood. The subject, as said, is one of great 
complicity if followed to detail, and perhaps less useful to a 
mechanicid engineer who does not intend to confine hb practice 
to water-wheels, than other subjects that may be studied with 
greater advantiige. The subject of water-wheels may, indeed, 
he caUed an exhausted one that can promise but little return for 
labour spent upon it — with a, view to improvements, at least. 
Ihe efforts of the ablest hydraulic engineers have not added 
much to the percentage of useful effect realised by turbine wheels 
during many years past. 

Reaction wheels are employed to a limited extent only, and 
will soon, no donbt, be extinct as a class of water-wheela. In 
tpeakiDg of reaction wheels, I will select what is called Barker's 
mill for an example, because of the familiarity with which it 

' known, although its construction is greatly at variance witli. 
modem reaction wheeli 

There is a problem as to the principle of action in a Barki 
wheel, which although it may be very clear in a scientific sen 
remains a puzzle to the minds of many who are well versed 

■ Bechaaica, some contending that the power is directly from 
pressure, others that it is from the dynamic effect due to 
Raction. It is one of the problems so ditlicnlt to determine by 
ordinary standards, that it serves as a matter of endless debate 
.between those wbo hold different views ; and considering the 

< admntage usually derived from such controversies, perhaps the 
best manner of disposing of the problem here is to state the two 
iddea aa dearly as possible, and leave the reader to determine for 
kinuelf which he thinks right. 

fteauming the vertical shaft and the hori^^ortal arms of a 
BsAer wheel to be filled with water under a head of sixteen 
feet, tiiere would he a pressure of about seven pounds upon each 
anptrficiat inch of surface within the cross arm, exerting an equal 
' *jli erery direction. By opening an orifice at the sides of 
equal to one inch of area, the pressure would at that 
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point be relieved by the escape of the water, and the internal 
pressure be unbalanced to that extent. In other words, opposite 
this orifice, and on the other side of the arm, there would be a 
force of seven pounds, which being unbalanced, acts as a pro- 
pelling power to drive the wheel. 

This is one theory of the principle upon which the Barker 
wheel operates, which has been laid down in Vogdes' " Mensura- 
tion," and perhaps elsewhere. The other theory alluded to is 
that, direct action and reaction being equal, ponderable matter 
discharged tangentally from the periphery of a wheel must 
create a reactive force equal to the direct force with which the 
weight is throMrn off. To state it more plainly, the spouting 
water that issuea from the arm of a Barker wheel must react in 
the opposite course in proportion to its weight. 

The two propositions may be consistent with each other or 
even identical, but there still remains an apparent difference. 

The latter seems a plausible theory, and perhaps a correct one ; 
but there are two facts in connection with the operation of reaction 
water-wheels which seem to controvert the latter and favour the 
first theory, namely, that reaction wheels in actual practice 
seldom utilise more than forty per cent, of useful effect from the 
water, and that their speed may exceed the initial velocity of the 
water. With this the subject is left as one for argument or 
investigation on the part of the reader. 

Pressure wheels, like gravity wheels, should, from theoretical 
inference, be expected to give a high per cent, of power. The 
water resting with the whole of its weight against the vanes or 
abutments, and without chance of escape except by turning the 
wheel, seems to meet the conditions of realising the whole effect 
due to the gravity of the water, and such wheels would no doubt 
be economical if they had not to contend with certain mechanical 
difiiculties that render them impracticable in most cases. 

A pressure wheel, like a steam-engine, must include running 
contact between water-tight surfaces, and like a rotary steam- 
engine, this contact is between surfaces which move at different 
rates of speed in the same joint, so that the wear is unequal, 
and increases as the speed or the distance from the axis. 
When it is considered that the most careful workmanship has 
never produced rotary engines that would surmount these diffi- 
culties in working steam, it can hardly be expected they can be 
overcome in using water, which is not only liable to be filled 
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^itli grit and sediment, but lacks the peculiar lubricating pro- 
)erties of steam. A rotary steam-engine is in effect the same as 
i pressure water-wheel, and the apprentice in studying one will 
ully understand the principles of the other. 

(1.) What analogy may be found between steam and water power ? — 
2.) What is the derivation of the name turbine ?— (3.) To what class 
)f water-wheels is this name appUcable ? — (4.) How may water-wheels 
)e classified 1 — (5.) Upon what principle does a reaction water-wheel 
)perate ? — (6.) Can ponderable weight and pressure be independently 
)onsidered in the case? — (7.) Why cannot radial running joints be 
naintained in machines ? — (8.) Describe the mechanism in common use 
for sustaining the weight of turbine wheels, and the thrust of propeller 
shafts. 



CHAPTER IX, 

IV/ND'POIVEJ^. 

WiND-POWEE, aside from the objections of uncertainty and irreg- 
ularity, is the cheapest kind of motive-power. Steam machinery, 
besides costing a large sum as an investment, is continually 
deteriorating in value, consumes fuel, and requires continual 
skilled attention. Water-power also requires a large investment, 
greater in many cases than steam-power, and in many places 
the plant is in danger of destruction by freshets. Wind-power 
is less expensive in every way, but is unreliable for constancy 
except in certain localities, and these, as it happens, are for the 
most part distant from other elements of manufacturing industry. 
The operation of wind-wheels is so simple and so generally under- 
stood that no reference to mechanism need be made here. The 
force of the wind, moving in right lines, is easily applied to 
producing rotary motion, the difference from water-power being 
mainly in the comparative weakness of wind currents and the 
greater area required in the vanes upon which the wind acts. 
Turbine wind-wheels have been constructed on very much the same 
plan as turbine water-wheels. In speaking of wind-power, the 
propositions about heat must not be forgotten. It has been ex- 
plained how heat is almost directly utilised hy the steam-engine, 
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and how the effect of heat is utilised by water-wheels in a less 
direct manner, and the same connection will be found between 
heat and wind-wheels or wind-power. Currents of air are due 
to changes of temperature, and the connection between the heit 
that produces such air currents and their application as power is 
no more intricate than in the case of water-power. 

(1.) What is the difference in general between wind and water wheels I 
— (2.) Can the course of wind, like that of water, be diverted and applied 
at pleasure ? — (3.) On what principle does wind act against the vanes rf 
a wheel ? — (4.) How may an analogy between wind- power and heat be 
traced ? 



CHAPTER X. 

MACHINERY FOR TRANSMITTING AND DISTRIBUTING 

POWER. 

To construe the term " transmission of power " in its full sense, 
it will, when applied to machinery, include nearly all that has ; 
motion ; for with the exception of the last movers, or where 
power passes off and is expended upon work that is performed, 
all machinery of whatever kind may be called machinery of 
transmission. Custom has, however, confined the use of the 
term to such devices as are employed to convey power from one 
place to another, without including organised machines through 
which power is directly applied to the performance of work. 
Power is transmitted by means of shafts, belts, friction wheels, 
gearing, and in some cases by water or air, as various conditions 
of the work to be performed may require. Sometimes such 
machinery is employed as the conditions do not require, because . 
there is, perhaps, nothing of equal importance connected with ' 
mechanical engineering of which there exists a greater diversity i 
of opinion, or in which there is a greater diversity of practice, ' 
than in devices for transmitting power, 

I do not refer to questions of mechanical construction, although ; 
the remark might be tnie if applied in this sense, but to the I 
kind of devices that may be best employed in certain cases. | 
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It is not proposed at this time to treat of the construction of 
lachinery for transmitting power, but to examine into the con- 
itions that should determine which of the several plans of 
ransmitting is best in certain cases— whether belts, gearing, or 
bafts should be employed, and to note the principles upon 
?hich they operate. Existing examples do not furnish data as 
the advantages of the different plans for transmitting power, 
«cause a given duty may be successfully performed by belts, 
jearing, or shafts — even by water, air, or steam — and the com- 
)arative advantages of different means of transmission is not 
dways an easy matter to determine. 

Machinery of transmission being generally a part of the fixed 
plant of an establishment, experiments cannot be made to insti- 
tute comparisons, as in the case of machines ; besides, there are 
special or local considerations — such as noise, danger, freezing, 
and distance — to be taken into account, which prevent any rules 
of general application. Yet in every case it may be assumed that 
some particular plan of transmitting power is better than any 
other, and that plan can best be determined by studying, first, 
the principles of different kinds of mechanism and its adaptation 
to the special conditions that exist 3 and secondly, precedents or 
examples. 

A leading principle in machinery of transmission that more 
than any other furnishes data for strength and proper propor- 
tions is, that the stress upon the machinery, whatever it may 
be, is inverse as the speed at w^hich it moves. For example, a 
belt two inches wide, moving one thousand feet a minute, will 
theoretically perform the same work that one ten inches wide 
wiU do, moving at a speed of two hundred feet a minute ; or a 
shaft making two hundred revolutions a minute will transmit 
four times as much power as a shaft making but fifty revolu- 
tions in the same time, the torsional strain being the same in 
both cases. 

This proposition argues the expediency of reducing the pro- 
portions of mUl gearing and increasing its speed, a change which 
has gradually been going on for fifty years past ; but there are 
opposing conditions which make a limit in this direction, such as 
the speed at which bearing surfaces may run, centrifugal strain, 
jar, and vibration. The object is to fix upon a point between 
irhat high speed, light weight, cheapness of cost suggest, and what 
the conditions of practical use and endurance demand. 
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(1.) What does the term "machinery of transmission" include, u 
applied in common use ? — (2.) Why cannot direct comparisons be made 
between shafts, belts, and gearing? — (3.) Define the relation between 
speed and strain in machinery of transmission. — (4.) What are tiw 
principal conditions which limit the speed of shafts ] 



CHAPTER XL 

SHAFTS FOR TRANSMITTING POWER, 

There is no use in entering upon detailed explanations of what 
a learner has before him. Shafts are seen wherever there ii 
machinery ; it is easy to see the extent to which they are 
employed to transmit power, and the usual manner of arranging 
them. Various text-books afford data for determining the 
amount of torsional strain that shafts of a given diameter will 
bear ; explain that their capacity to resist torsional strain is as 
the cube of the diameter, and that the deflection from transverse ,] 
strains is so many degrees ; with many other matters that are 
highly useful and proper to know. I will therefore not devote 
any space to these things here, but notice some of the 
more obscure conditions that pertain to shafts, such as are 
demonstrated by practical experience rather than deduced from 
mathematical data. What is said will apply especially to what 
is called line-shafting for conveying and distributing power in 
machine-shops and other manufacturing establishmente. The 
following propositions in reference to shafts will assist in unde^ 
standing what is to follow : — 

1. The strength of shafts is governed by their size and the 
arrangement of their supports. 

2. The capacity of shafts is governed by their strength and 
the speed at which they run taken together. 

3. The strains to which shafts are subjected are the torsional 
strain of transmission, transverse strain from belts and wheels, 
and strains from accidents^ such as the winding of belts. 

4. The speed at which shafts should run is governed by their 
size, the nature of the machinery to be driven, and the kind of 
bearings in which they are supported. 

6, As the strength of shafts is determined by their size, and 
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Jieir size fiKed by the strains to which they are Eabjecte^, 
ttimiis are firct to be cuDsidered. 

There were tliree kinds of strain mentioned — tnraionaJ, deEec- 
|ve, and accidental. To meet these several strains the same 
puos have to be provided, which is a. sufficient size and strength 
a resist them ; hence it is useless to consider each of these dif- 
JKcnt strains separately. If we know which of the three is 
pektest, and provide for that, the rest, of course, may be dis- 
Kgntded. This, in practice, ia found to be accidental strains to 
irlnch shafts are in ordinary use subjected, and they are usually 
node, ia point of strength, far in excess of any standard that 
tonld be fixed by either torsional or triuisverse strain due to the 
rtffinlitr duty perforiiied. 

This brings us back to the old proposition, that for structures 
tHudii do not involve motion, mathematical data will fumiah 
ineoaions ; but the same rule will not apply ia machinery. To 
jUow the proportions for shafts that would be furnished by pui'e 
lathematical data would in nearly all cases lead to error. 
Scp^ieace has demonstrated that for ordinary cases, where 
rer is transmitted and applied with tolerable regularity, a 
It three inches in diameter, making one hundred and fifty 
" aiODS a, minute, its bearuigs three to four diameters in 
tUld placed ten feet apart, will safely transmit fifty boisB' 

or any other well-proved example, and estiraatr 

jr or smaller shafts by keeping their diametera as the 

Jfc of the power to be transmitted, the distance between 

i AS the diameter, and the speed inverse as the diameter, 

« will find his caicul.itiona to agree approximately with 

a practice of our best engineers. This is not men- 

^ give proportions for shafts, so much as to call atten- 

mtal strains, such as winding belts, and to call 

r marked discrepancy between actual practice 

I proportions as would be given by what has been 

a measured or determinable strains to wliicli shafts are 

I means for transmitting power, shafts afford the very 
it advantage that power can be easily taken oS" at any 
lljhut tlxroughout their length, by means of pulleys or gear- 
% also in forming a positive connection between the motive- 
T and machines, or between the different parts of machines. 
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The capacity of shafts in resisting torsional strain is as the cube 
of their diameter, and the amount of torsional deflection in shafts 
is as their length. The torsional capacity being based upon the 
diameter, often leads to the construction of what may be termed 
diminishing shafts, lines in which the diameter of the sevenl 
sections are diminished as the distance from the driving power 
increases, and as the duty to be performed becomes less. This 
plan of arranging line shafting has been and is yet quite coitt- 
mon, but certainly was never arrived at by careful observation. 
Almost every plan of construction has both advantages and dis- 
advantages, and the best means of determining the excess of 
either, in any case, is to first arrive at all the conditions as near 
as possible, then form a " trial balance," putting the advantages 
on one side and the disadvantages on the other, and footing up 
the sums for comparison. Dealing with this matter of shafts of 
uniform diameter and shafts of varying diameter in this way, 
there may be found in favour of the latter plan a little saving of 
material and a slight reduction of friction as advantages. The 
saving of material relates only to first cost, because the expense 
of fitting is greater in constructing shafts when the diameters d 
the different pieces vary ; the friction, considering that the same 
velocity throughout must be assumed, is scarcely worth estimatingi 
For disadvantages there is, on the other hand, a want of uni- 
formity in fittings that prevents their interchange from one park 
of a line shaft to the other — a matter of great importance, as 
such exchanges are frequently required. A line shaft, whea 



constructed with pieces of varying diameter, is special machinery, 
adapted to some particular place or duty, and not a standard 
product that can be regularly manufactured as a staple article 
by machinists, and thus afforded at a low price. Pulleys, 
wheels, bearings, and couplings have all to be specially pre- 
pared; and in case of a change, or the extension of lines of 
shafting, cause annoyance, and frequently no little expense^ 
which may all be avoided by having shafts of uniform 
diameter. The bearings, besides being of varied strength and 
proportions, are generally in such cases placed at irregular inter- 
vals, and the lengths of the different sections of the shaft are 
sometimes varied to suit their diameter. With line shafts of 
uniform diameter, everything pertaining to the shaft — such aa 
hangers, couplings, pulleys, and bearings — is interchangeable ; 
the pulleys, wheels, bearings, or hangers can be placed at plea- 
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wS&, or clianged frnra one part of tlie sliaft to another, or from 
.kme part of the works to another, as occasion may require. The 
jfirst cost of a line of ahaftmg of uniform diameter, strong enough 
fin a particular duty, is generally loss than that of a shaft con- 
nili^g of sections varying in size.. This may at first seem 
'■*~"ige, but a computation of the iium.her of supports required, 
the expense of special fitting, will in. nearly eiII cases show a 
flftviog. 

j' Atteiition has been called to this case as one wherein t 
dltions uf operation obviously furnish true data to govt 
'Ktmigement of machinery, instead of the determinable strains to ' 
l^i^ieli the parts are subjected, and as a good example of the 
tmportance of studying mechanical coniiitious from a practical and 
'^perimental point of view. If the general diameter of a shaft is 
iMBed upon the exact amount of power to he transmitted, or if 
,^e diameter of a sha^ at various parts is based upon the torsioual 
that would be sustained at these points, such a shaft 
-xnmld not only fail to meet the conditions of practical use, but 
hlwitld cost more by attempting such an adaptation. The regular 
jrorbng strain to wliich shafts are subjected is inversely as the 
Ipaed at which they run. This becomes a strong reason in favour 
KftiniD^g shafts to run at a maximum speed, provided there 
nlas nothing more than first cost to consider ; but there are other 
sad more important conditions to be taken into account, prin- 
IS{ib1 Euuong which are the required rate of movement where 
,|Niwer is taken off to machines, and the endurance of bearings. 

Id tlie case of line shafting for manufactories, if the speed 
4mes so much from that of the first morers ou machines as to 
;iBqnite one or more intermediate or counter shafts, the espense 
'"^ifinld be very great; on the contrary, if countershafts can be 
iRHded, there is a great saving of belts, bearings, machinery, 
'jfld obstruction. The practical limit of speed for line shafts is 
<B fc great measure dependent upon the nature of the bearings, 
*Babject that will be treated of iu another place. 

(1.) What kind of strains are shafts subjected to 1— (2.) What detcr- 
Bdnet the strength of shafts in resisting transverse strain '1 — (3.) Why 
jt^thafts often more coiiTenietit thaa belts for tmnsiuittiiig power I— 
|i) What is the difference between the strains to which shafts and 
te we eobiected 1— (5.J What is gained by constructiug a line shaft 
wctions diminishing m sha from the first mover? — (0.) What is 
C^aed by constructing line shafts of uniform diameter 1 ~ 
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CHAPTER XII. 

BELTS FOR TRANSMITTING POWER. 

The traction of belts upon pulleys, like that of locomotive wheeb 
upon railways, being incapable of demonstration except by actual 
experience, for a long time hindered the introduction of belts as 
a means of transmitting motion and power except in cases when 
gearing or shafts could not be employed. Motion is named 
separately, because with many kinds of machinery that are diiyes 
at high speed — such as wood machines — ^the transmission of rapid 
movement must be considered as well as power, and in ordinaiy 
practice it is only by means of belts that such high speeds may ' 
be communicated from one shaft to another. • 

The first principle to be pointed out in regard to belts, to 
distinguish them from shafts as a means of transmitting power, 
is that power is communicated by means of tensile instead of 
torsional strain, the power during transmission being repre- 
sented in the difference of tension between the driving and 
the slack side of belts. In the case of shafts, their length, 01 
the distance to which they may be extended in transmitting 
power, is limited by torsional resistance ; and as belts are not 
liable to this condition, we may conclude that unless there are 
other difficulties to be contended with, belts are more suitable 
than shafts for transmitting power throughout long distances. 
Belts suffer resistance from the air and from friction in the bea^ 
ings of supporting pulleys, which are necessary in long horizontal 
belts; with these exceptions they are capable of moving at a 
very high rate of speed, and transmitting power without appreci- 
able loss. 

Following this proposition into modem engineering examples, 
we find how practice has gradually conformed to what these 
properties in belts suggest. Wire and other ropes of small 
diameter, to avoid air friction, and allowed to droop in low carves 
to avoid too many supporting pulleys, are now in many cases 
employed for transmitting power through long distances, as at 
Schaffhausen, in Germany. This system has been very success- 
fully applied in some cases for distributing power in large manu- 
facturing establishments. Belts, among which are included all 
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flexible bands, do not afford tho same fauilitiea for tatlng off 
^Wer at different points as shafts, but have advantages in 
Uiuismitting power to portable macliineiy, ^vhen povrer is to 
be taken oS at movable points, as in the case of portable travel- 
Ikig cranes, machines, and so on. 
An interesting example in the use of belts for commani eating 

rffet to movable machinery ia furnished by the travelling cranes 
Mr Raniabottom, ia the shopB of the h. Js X. W, Railway, at 
Prewe, England, where powerful travelling crimes receive both 
be lifting and traversing power by means of a cotton rope not 
^Arethan three-fourths of an inch in diameter, which moves at a 
i^i Telocity, the motion being reduced by means of tangent wheels 
bid gearing to attain the force required in lifting heavy loads. 
Obwrviug the operation of this machinery, a person not famiUar 
Vftlt the relations between force and motion will he astonished at 
file effect produced by the small rope which communicates power 
to the machinery. 

, ^ Considered as means for transmitting power, the contrast as to 
liATaatages and disadvantages lies especially between belts and 
WiiDg instead of between belts and shafts. It is true in estremo 
Met, such as that cited at Crewe, or in conveying water-power 
fiOBi iuaccessible places, through long distances, the comparison 
US between belts and shafts; but in ordinary practice, especially 
SB first movers, the problem as to mechanism for conveying 
pmer lies between belts and gear wheels. Jf experience in 
fte nse of belts was thorough, as it is in the case of gearing, 
ttd if the quality of belts did not form so important a part in 
ttie estimates, there would be but little difficulty in determining 
<>lU}re belts should be employed and where gearing wo;ild be 
^temble, Belts are continually taking the place of gearing 
cases where, until quite recently, their nse has been con- 
impracticable ; one of the largest rolling mills in Pitts- 
ioig, Pennsylvania, except a single pair of spur wheels as the 
W movers at each train of rolls, is driven by belts throughout. 
Leaving out the matter of a positive relative movement between 
tba, which belts as a means of transmitting power cannot in- 
lue, there are the following conditions that must be considered 
Jb determining whether belts or other means should be employed 
M tnuismittiug power from one machine to another or between 
'(he purta of machines. 

1, Tho distance to which power is to be transmitted. 
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2. The speed at which the transmitting machinery must move- 

3. The course or direction of transmission, whether in straight 
lines or at angles. 

4. The cost of construction and durability. 

5. The loss of power during transmission. 

6. Danger, noise, vibration, and jar. 

In every case where there can be a question as to whether 
gearing shafts or belts will be the best means of transmitting 
power, the several conditions named will furnish a solution if 
they are properly investigated and understood. Speed, noise, ox 
angles may become determinative conditions, ^nd are such in a 
large number of cases ; first cost and loss of power are generally 
secondary conditions. Applying these tests to cases where belts, 
shafts, or wheels may be employed, a learner will soon find him- 
self in possession of knowledge to guide him in his own schemes,^ 
and enable him to judge of the correctness of examples that 
come under his notice. 

It is never enough to know that any piece of work is commonly 
constructed in some particular manner, or that a proposition is 
generally accepted as being correct ; a reason should be sought 
for. Nothing is learned, in the true sense, until the reasons for 
it are understood, and it is by no means sufficient to know from 
observation alone that belts are best for high speeds, that gea^ 
ing is the best means of forming angles in transmitting power, or 
that gearing consumes more power, and that belts produce less 
jar and noise ; the principles which lie at the bottom must be 
reached before it can be assumed that the matter is fairly under- 
stood. 

(1.) "Why have belts been found better than shafts ifor transmitting 
power through long distances? — (2.) What are the conditions which 
limit the speed of belts 1 — (3.) Why cannot belts be employed to com- 
municate positive movement ? — (4.) Would a common belt transmit 
motion positively, if there were no slip on the pulleys ? — (5.) Name some 
of the circumstances to be considered in comparing belts with gearing or 
shafts as a means of transmitting power. 
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CHAPTER XIII. 

GEARIMG AS A MEANS OF TRANSMITTING POWER. 

The term gearing, which was once applied to wheels, shafts, and 
the general mechanism of milb and factories, has now in coin- 
ImOD use become restricted to tooth wheels, and is in this senae 
employed here. Gearing as a means of transmitting motion is 
employed wlien the movement of machines, or the parts of 
lUachinea, must temaiu relatively the same, as in the case of the 
ttaversing screw of an engine lathe — when a heavy force ia 
transmitted between shafts that are near to each other, or when 
thefts to be connected are arranged at angles with each other. 
This mle is of course not constant, except as to cases where 
^ttive relative motion has to be maintained. Noise, and t!ie 
Uability to sadden obstruction, may be reasons for not employing 
tooth wheels in many eases when the distance between and the 
position of shafts wonld render such a connection the most 
nnmble and cheap. Gearing under ordinary sti-aiu, within 
limited speed, and when other conditions admit of its use, is the 
cheapest and most durable mechanism for transmitting power; 
Wt the amount of gearing employed in machinery, especially in 
Europe, is no doubt far greater than it will be in future, when 
Mts are better understood. 

No subject connected with mechanics has been more thoroughly 
iDTestJgated than that of gearing. Text-books .ire replete with 
fmr^ kind of information pertaining to wheels, at least so far 
Mthe subject can be made a mathematical one ; and to judge 
froia the amount of matter, formulae, and diagrams, relating to 
the teeth of wheels that an apprentice will meet with, lie will 
no doubt be led to believe that the main objeet of modem 
ragineering is to generate wheels. It must be admitted that the 
teetb of wheels and the proportions of wheels is a very im- 
portant matter to understand, and should be studied with the 
greatest cave ; but it is equally important to know bow to pro- 
duce the teeth in metal after their configuration Las been 
defined on paper ; to understand the endurance of teeth under 
slKasive wear when made of wrought or cast iron, brass or 
(ttel; how patterns cau be constructed from which correct 
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wheels may be cast, and how the teeth of wheels can be* cut by 
machinery, and so on. 

A learner should, in fact, consider the application and 
operative conditions of gearing as one of the main parts of the 
subject, and the geometry or even the construction of wheels 
as subsidiary; in this way attention will be directed to that 
which is most difficult to learn, and a part for which faci- 
lities are frequently wanting. Gearing may be classed into 
five modifications — spur wheels, bevel wheels, tangent wheels, 
spiral wheels, and chain wheels; the last I include among 
gearing because the nature of their operation is analogous to 
tooth wheels, although at first thought chains semn to correspond 
more to belts than gearing. The motion imparted by chains 
meshing over the teeth of wheels is positive, and not frictional as 
with belts ; the speed at which such chains may run, with other 
conditions, correspond to gearing. 

Different kinds of gearing can be seen in almost every 
engineering establishment, and in view of the amount of 
scientific information available, it will only be necessary to point 
out some of the conditions that govern the use and operation 
of the different kinds of wheels. The durability of gearing, 
aside from breaking, is dependent upon pressure and the amount 
of rubbing action that takes place between the teeth when in 
contact. Spur wheels, or bevel wheels, when the pitch is 
accurate and the teeth of the proper form, if kept clean and 
lubricated, wear but little, because the contact between the 
teeth is that of rolling instead of sliding. In many cases, one 
wheel of a pair is filled with wooden cogs ; in this arrangement 
there are four objects, to avoid noise, to attain a degree of 
elasticity in the teeth, to retain lubricants by absorption in the 
wood, and to secure by wear a better configuration of the teeth 
than is usually attained in casting, or even in cutting teeth. 

Tangent wheels and spiral gearing have only what is termed 
line contact between the bearing surfaces, and as the action 
between these surfaces is a sliding one, such wheels are subject 
to rapid wear, and are incapable of sustaining much pressure, or 
transmitting a great amount of power, except the surfaces be 
hard and lubrication constant. In machinery the use of tangent 
wheels is mainly to secure a rapid change of speed, usually to 
diminish motion and increase force. 

By plachig the axes of tangent gearing so that the threads or 
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teeth of the pinions are paralla! to tlie face of the driveu teeth, 
■3 in tlie planing inachines of Messrs Wm. Sellers ife Co., 
the conditions of o[>eration are chn7igpd, and an interesting 
problem arises. The progreBaive or forward movement of the 
ptnioa teeth may be equal to the slidiiig movement between the 
surfaces ; and an equdly novel result is, that the sliding action 
i« distributed over the whole breadth of the driven teeth. 

In spiral gearing the line of force is at an angle of forty-five 
degrees with the bearing faces of the teeth, and the sliding 
movement equal to the speed of the wheels at their periphery; 
the bearing on the teeth, as before said, is one of line contact 
only. Sacb wheels cannot be employed except in cases where an 
inconsiderftbla force is to be transmitted. Spiral wheels mq 
filoployed to connect shafts that cross each other at right angles 
hht in different planes, and when the wheels can be of the same 

It may be rae:itioned in regard to ract gearing for communi- 
eatiiig movement to the carriages of plaiting machines or other 
purposes of n similar nature : the rack can be drawn to the 
wbeel, and a lifiing action avoided, by Bhorteiilng the pitch of 
the rack, 80 that it will vary a little from the driving wheel, 
1^ rieing or entering teeth in this case do not come in contact 
vith those on the rack until they have attained a positii^n 
normal to the line of the carriage movement. 

(1.) Into what classes can gearing be divided ? — (2.) What determines 
Ibe wearing capacity of gearing I— (3.) What is the advantage gained 
I5 employing wooden cogs for gear wheels 1— (4.) Wiiy are tangent or 
vbeels not durable ? 



Ml«b« 



CHAPTER XIV. 

HYDRAULIC APPARATUS FOR TRANSMITTING POWER. 

AtTHOl'ca a system but recently developed, the employment of 
hydraulic machinery fur tranaraitting and applying power lias 
teacbed an extended application to a variety of purposes, and 
gives promise of a &till more extensive use in futnre. Cou- 
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sidered as a means of transmitting regnlarly a constant amount 
of power, water apparatus is more expensive and inferior in 
many respects to belts or shafts, and its use must be traced to some 
special principle involved which adapts hydraulic apparatus to 
the performance of certain duties. This principle will be found 
to consist in storing up power in such a manner that it may be 
used with great force at intervals ; and secondly, in the facilities 
afforded for multiplying force by such simple mechanism as 
pumps. An engine of ten-horse-power, connected with machinery 
by hydraulic apparatus, may provide for a force equal to one 
hundred horse-power for one-tenth part of the time, the power 
being stored up by accumulators in the interval ; or in other 
words, the motive power acting continuously can be accumulated 
and applied at intervals as it may be required for raising 
weights, operating punches, compressive forging, or other work 
of an intermittent character. Hydraulic machinery employed 
for such purposes is more simple and inexpensive than gear- 
ing and shafts, especially in the application of a great force 
acting for a considerable distance, and where a cylinder and 
piston represent a degree of strength which could not be attained 
with twice the amount of detail, if gearing, screws, levers, or 
other devices were employed instead. 

Motion or power may be varied to almost any degree by the 
ratio between the pistons of pumps and the pistons which give 
off the power, the same general arrangement of machinery 
answering in all cases ; whereas, with gearing the quantity of 
machinery has to be increased as the motive power and the 
applied power mdy vary in time and force. This as said recom- 
mends hydraulic apparatus where a great force is required at 
intervals, and it is in such cases that it was first employed, and 
is yet for the most part used. 

In the use of hydraulic apparatus for transmitting and apply- 
ing power, there is, however, this difficulty to be contended with : 
water is inelastic, and for the performance of irregular diity, 
there is a loss of power equal to the difference between the 
duty that a piston may perform and what it does perform ; 
that is, the amount of water, and consequently the amount of 
power given off, is as the movement and volume of the water, 
instead of as the work done. The application of hydraulic 
machinery to the lifting and handling of weights will be further 
noticed in another place. 
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(1.) Under what conditions is hydraulic apparatus a suitable means 
for transmitting power ? — (2.) To what class of operations is hydraulic 
apparatus mostly applied ? — (3.) Why is not water as suitable a medium 
as air or steam in transmitting power for general purposes ? 



CHAPTER XV. 

PNEUMATIC MACHINERY FOR TRANSMITTING POWER. 

Pnwmatic machinery, aside from results due to the elasticity 
of air, is analogous in operation to hydraulic machinery. 

Water may be considered as a rigid medium for transmitting 
power, corresponding to shafts and gear wheels ; air as a flexible 
or yielding one, corresponding to belts. There is at this time 
but a limited use of pneumatic apparatus for transmitting power, 
kt its application is rapidly extending, especially in transport- 
ing material by means of air currents, and in conveying power 
' to mining machinery. 

The successful application of the pneumatic system at the 
Mont Cenis Tunnel in Italy, and at the Hoosac Tunnel in 
America, has demonstrated the value of the system where the 
air not only served to transmit power to operate the machinery 
but to ventilate the mines at the same time. Air brakes for 
Rulway trains are another example illustrating the advantages of 
pnenmatic transmission ; the force being multiplied at the 
points where it is applied, so that the connecting pipes are 
reduced to a small size, the velocity of the air makmg up for 
a great force that formerly had to be communicated through rods, 
chains, or shafts. The principal object attained by the use of 
air to operate railway brakes is, however, to maintain a connec- 
tion throughout a train by means of flexible pipes that accom- 
modate themselves to the varying distance between the carnages. 
Fresoming that the flow of air in pipes is not materially impeded 
by friction or angles, and that there will be no difficulty in 
maintaining lubrication for pistons or other inaccessible parts of 
machinery when driven by air, there seems to be many reasons 
in fayour of its use as a means of distributing power in manur 
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facturing diatricts. Tlia dimiiiislieil cost of motive power whta 
it is generated on a large scale, and the expeuse and danger of 
maintaining an independent steam power for eocb separate est&b- 
jislimeat where power is employed, especially in cities, are strung 
reaeona in favour of generating and distributing power by com- 
pressed air, tlirungli pipes, as gas and water are now supplied. 

Air seems to be tlie most natural and available medium tor 
transmitting and distributing power upon any general eyaten 
like water or gas, and tbere is every probability of such a systen 
existing at some future time. The power given out by the 
cEpanaion of air is not equal to the power consumed in com- 
pressing it, but the loss is but insignificant compared with the 
advantages that may be gained in other ways. There b no 
subject more interesting, and perhaps few more important for 
an engineering student to study at this time, than the trans- 
mission of power and the transport of material by pneumatic 
apparatus. 

In considering pneumatic machinery there are the following 
points to which attention is directed : — 

1. The value of pneumatic apparatus in reaching places where 
steam furnaces cannot be employed. 

2. The use that may be made of air after it has been appliei 
as a motive agent 

3. The saving from condensation, to which steam is 
avoidance of heat, and the consequent contraction and e 
of long conducting pipes. 

4. The loss of power by friction and angles in conducting it 
through pipes. 

5. The lubrication of surfaces working under air preanm 
such as the pistons and valves of engines. 

6. The diminished coat of generating power on a large seall. 
compared with a number of se[)arate steam engines distriboto 
over manafacturing districts. 

7. The effect of ]ineumatio machinery in reducing i 
rates and danger of fire, 

8. The expense of the appliances of distribution and t 
maintenance. 

In passing thus rajiidly over so important a subject, and da 
that admits of so extended a consideration as mndliiieiy ( 
transmission, the reader can see that the purpose has been t 
touch only upon such points as will lead to thuiiglit ami invest^ 
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gation, and especially to meet such queries as are most likely to 
arise in the mind of a learner. In arranging and erecting 
machinery of transmission, obviously the first problem must 
be, what kind of machinery should be employed, and what 
are the conditions which should determine the selection and 
arrangement? What has been written has, so far as possible, 
been directed to suggesting proper means of solving these ques- 
tions. 

(1.) In what respect are air and water like belts and gearing, as means 
to transmit power i — (2) What are some of the principal advantages 
gained by employing air to operate railway breaks ? — (3.) Name some 
of the advantages of centralising motive power. — (4.) Are the conditions 
of working^ an engine the same whether air or steam is employed ? 



CHAPTER XVI. 
MACHINERY OF APPLICATION. 

The term application has been selected as a proper one to dis- 
tinguish machines that expend and apply power, from those 
that are employed in generating or transmitting power. Machines 
of application employed in manufacturing, and which expend 
their action on material, are directed to certain operations which 
are usually spoken of as processes, such as cutting, compressing, 
grinding, separating, and disintegrating. 

By classifying these processes, it will be seen that there is in 
all but a few functions to be performed by machines, and that 
they all act upon a few general principles. Engineering tools em- 
ployed in fitting are, for example, all directed to the process of 
eatting. Planing machines, lathes, drilling machines, and shaping 
machines are all cutting machines, acting upon the same general 
plan — ^that of a cleaving wedge propelled in straight or curved 
lines. 

Cutting, as a process in convertipg material, includes the force 
to propel catting edges, means to guide and control their action, 
and mechanism to sustain and adjust the material acted upon. 
In catting with hand tools^ the operator performs the two functions 
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tif propetliiig imd guiding the biols with hia hands ; but in wlii 
in called power npsrationa, machines are made to perform theao'. 
functions, In nearly a)l processes machines have aupplt 
hiind labour, and it may be noticed in the history and develop-J 
nient of machine tools that much has been lost in too closeljinu-l 
tating hand operations when machines were first applied. To l»f 
profitable, machines must eitber employ more force, guidi 
with more accuracy, or move them at greater speed, than ia it- 
t^able by hand. Increased speed may, although more eetdom, 
be an object in the employment of machinery, as well aa the 
guidance of implements or increased force in propelling then. 
The hands of workmen are not only limited as to the power tiiti 
may be exerted, and unable to guide tools with accuracy, but an 
lUso limited to a slow rate of movement, so that mAchinea can be 
employed with great advantage in many operations where neitiier 
the force nor guidance of tools are wanting. 

There is nothing more interesting, or at the same time more 
useful, in the study of mechanica, than to analyse the action of 
cutting machines or other machinery of application, and to 
tain in examples that come under notice whether the main obji 
of a machine is increased force, more accurate guidt 
greater speed than is attainable by hand operations. Cattffi| 
machines as explained may he directed to either of these obja' 
aingly, or to all of them together, or these objects may vary 
their relative importance in different operations ; but in all 
where machines are profitably employed, their action 
to one or more of the functions named. 

To follow this matter further. It will be found in such machint 
as are directed mainly to augmenting force or increasing tli 
amount of power that may be applied in any operation, audi i 
sawing wood or atone, the effect produced when compared i9 
hand labour is nearly as the difference in the amount of pow« 
applied ; and the saving that such machinea effect is generally ' 
the same proportion. A machine that can expend ten hoiH 
power in performing a certain kind of work, will save ten tinne 
as much as a machine directed to the same purpose ezpendinj 
but one horse-power ; this of course applies to machines for ti 
]ierformance of the coarser kinds of work, and employed to sB] 
plant mere physical effort. In other machines of apphcatioa, ani 
as are directed mainly to guidance, or speed of action, ancli j 
sewing machines, dove-taiHng machines, gear-cutting machine^ 
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BO on, itere b no relation wliatever between tlie increased 
effect that may be produced and tbe amuuiit of power expended. 
The difference between hand and machine operations, and tlie 
Isbour-saviug effect of macUines, will be fartber spoken of in 
anotlier place ; the subject ia alluded to here, only to enable the 
reader to more fully distinguish between machinery of transmis- 
^D and machinery of application. Machinery uf application, 
diiected to what has been termed compression processes, such as 
Iteam hammers, drops, presses, rolling mills, and so on, act upon 
material that is naturally soft and ductile, or when it is softened 
Ijy heat, as in the case of forging. 

In compreasion processes no material ia cnt away as in cutting 
or grinding, the mass being forced into shape by dies or forma 
that give the required configuration. The action of compressing 
machines may be either intermittent, as in the ease of rolling 
IuUb ; percussive, aa in steam hammers, where a great force acts 
thntogliout a limited distance ; or gradual and sustained, aa in 
pess fo^ng. Klachines of application, for abrading or grinding, 
oe constantly coining more into use; their main purpose being to 
tttur shape material too bard to be acted npon by compression 
b by cutting proceaaes. It follows that the necessity for machines 
' of Ihia kind ia in proportion to the amount of hard material which 
ffltetB into manufactures ; in metal work the employment of 
Indened steel and iron ia rapidly increasing, and as a result. 
Finding machines have now a place among the standard machine 
iwls of a fitting shop. 

Grinding, no doubt, if traced to the principles that lie at the 
iMtom, is nothing more than a cutting process, in which the 
' tdgea employed are harder than any material that can be made 
.hUs cutters, the edges firmly supported by being imbedded into 
M mass as the particles of sand are in grindstones, or the 
pSTticIea of emery in emery wheels. 

Sepikraling machines, such as bolts and screens, which may be 
nlled a class, require no explanation. The employment of mag- 
netic machines to separated iron and brass filings or shop waste, 
Uay be noted as a recent improvement of some importance. 

Disintegrating machines, such aa are employed for pulverising 
Various substances, grinding grain or pulp, separating fibrous 
material, and so on, are, with some exceptions, simple enough to 
be readily understood. One of these exceptions is th,e rotary 
" diuntegrators," recently introduced, about the action of which 
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some diversity of opinion exists. The effect produced is cer- 
tainly abrasive wear, the result of the pieces or particles strik- 
ing one against another, or against the revolving beaters and 
casing. The novelty of the process is in the augmented effect 
produced by a high velocity, or, in other words, the rapidity of 
the blows. 

(1.) Name five machines as types of those employed in the general 
processes of converting material. — (2.) Name sonie machines, the object 
of which is to augment force — One to attain speed — One directed to the 
guidance of tools. — (3.) What is the difference between the hot and cold 
treatment of iron as to processes — As to dimensions?— (4.) 



CHAPTER XVII. 
MACHINERY FOR MOVING AND HANDLING MATERIAL. 

Steam and other machinery applied to the transport of material 
and travel, in navigation and by railways, comprises the greater 
share of what may be called engineering products ; and when we 
consider that this vast interest of steam transport is less than a 
century old, and estimate its present and possible future influence 
on human affairs, we may realise the relation that mechanical 
science bears to modern civilisation. 

To follow out the application of power to the propulsion of 
vessels and trains, with the many abstruse problems that would 
of necessity be involved, would be to carry this work far beyond 
the limits within which it is most likely to be useful to the ap- 
prentice engineer ; besides, it would be going beyond what can 
properly be termed manipulation. 

Marine and railway engineering have engrossed the best 
talent in the world ; investigation and research has been expended 
upon these subjects in a degree commensurate with their im- 
portance, and it would be hard to suggest a single want in the 
many able text-books that have been prepared upon the subjects. 
Marine and railway engineering are sciences that may, in a sense, 
he -separated from the ordinary constructive arts, and studied at 
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tke eiid nf a course in mechanical engineering, but are hardly 

proper BTibjecta fur an apprentice to take up at tlie beginning. 

In treating of machinery for transport, as n class, the subject, 
IS far aa noticed here, will be confined to moying and handling 

iTUterial aa one of the processes of manufacturing, and especially 

'in connection with niac)itne conatniction. If the amount of 
use, labour, and machinery devoted to handling 

'aaterial in machine shops ia estimated, it becomes a matter of 
ittonishment to as many as have not previously investigated the 
Wbject ; aa an item o{ expense the handling, often exceeds the 
itliug ou large pieces, and in the henvicr class of work demands 
Stt most careful attention to secure economical manipulation. 

It will be well for an apprentice tit begin at once, as soon as 
■ii commences a shop course, to note tie manner of handling 
Mterial, watching the operation of cranes, lioista, trucks, tackle, 
ikHbk ; in short, everything that has to do with moving and 
'luukdling. The machinery and appliances in ordinary use are 
■imple enough in a mechanical sense, but the principles of hand- 
I'liag material are by no means as plain or easy to understand. 
'fte diversity of practice seen in various plans of handling and 
iS^g weights fully attests the last proposition, and it is 
||8iitiDnaib!e whether there is any other branch of mechanical 
ngioeering that is treated less in a, scientific way than machinery 
'ritliia clasa. I do not allude to the mechanism of cranes and 
ir devicss, which arc usually well proportioned and generally 
1 arranged, but to the adaptation of such machinery with. 
reference to special or local conditions. There are certain 
bdiereut difficulties that have to be encountered in the construc- 
lioa and operation of machinery, for lifting and handling, that 
Ve peculiar to it as a clasa j among theae difficulties is the 
tnonniasiou of power to movable mechanism, the intermittent 
*lrf irregular application of power, severe strains, also the 
iWiility to accidents and brealiage from such machinery being 
Oontrolled by the judgment of attendants. 
Ordinary machinery, on the reverse, is stationary, generally 

I cstuumes a regular amount of power, is not subjected to such 
Utcert&ia strains, and as a rule acts without its operation being 

I (tmtrolled by the will of attendants. 

The fnnctionB required in machinery for handling material in 

Ir auehine ahop eorrespond veiy nearly to those of the human 

Nature in this, as in all other tilings, ivliere a comi ariaua 
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is possible, has exceeded man in adaptation ; in fact, we cannot; 
conceive of anything more perfect than the human hands for 
liandling material — a duty that forms a great share of all that 
we term labour. 

Considered mechanically as a means of handling material, the 
human hands are capable of exerting force in any direction, 
vertically, horizontally, or at any angle, moving at various rates 
of speed, as the conditions may require, and with varying force 
within the limits of human strength. These functions enable us 
to pick up or lay down a weight slowly and carefully, to trans- 
port it at a rapid rate to save time, to move it in any direction, and 
without the least waste of power, except in the case of carrying 
small loads, when the whole body has to be moved, as in ascend- 
ing or descending stairs. The power travelling cranes, that are 
usually employed in machine-fitting establishments, are per- 
haps the nearest approach that has been made to the human 
frame in the way of handling mechanism ; they, however, lack 
that very important feature of a movement, the speed of which is 
graduated at will. It is evident that in machinery of any kind for 
handling and lifting that moves at a uniform rate of speed, and 
this rate of speed adapted, as it must be, to the conditions of 
starting or depositing a load, much time must be lost in the 
transit, especially when the load is moved for a considerable 
distance. This uniform speed is perhaps the greatest defect in 
the lifting machinery in common use, at least in such as is driven 
by power. 

In handling a weight with the hands it is carefully raised, and 
laid down with care, but moved as rapidly as possible thi'ough- 
out the intervening distance; this lesson of nature has not 
been disregarded. We find that the attention of engineers has 
been directed to this principle of variable speed to be controlled 
at will. The hydraulic cranes of Sir William Armstrong, for 
example, employ this principle in the most effective manner, not 
only securing rapid transit of loads when lifted, but depositing 
or adjusting them with a care and precision unknown to mechan- 
ism positively geared or even operated by friction breaks. 

The principles of all mechanism for handling loads should be 
such as to place the power, the rate of movement, and the direc- 
tion of the force, within the control of an operator, which, as 
has been pointed out, is the same thing in effect as the action 
of the human hands. 
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The safety, Bimplicity, and reliable action of hydraulic 
machinery haa already kd to its extensive employment for 
movijig and lifting weights, and it is fair to assume that the 
importance and success of this invention fully entitle it to be 
daaeed as one of the most important that has been made in 
mechanical engineering during fifty years past. The applica- 
1 of hydraulic force in operating the machinery used iu the 
processes for steel Bessemer maimfacture, ia one of the besC 
examplea to illustrate the advantages and principles of the 
hydrauhc system. Published drawings and descriptions o£ 
Bessemer steel plant explain this hydrauhc maohinery. 

There is, however, a, principle in hydraulic machinery thut 
nnst he taken into account, in comparing it with positively geared 
mechanism, which often leads to loss of power that in many 
ea will overbalance any gain derived from the peculiar 
4ction of hydraulic apparatus. I allude to the loss of power 
incident to dealing with an inelastic medium, where the amount 
<tf force expended is constant, regardless of the resistance 
^red, A hydraulic crane, for instance, consumes power 
ia proportion to its movements, and not as the amount of duty 
pnformed ; it takes the same quantity of water to fill tLe 
Sylindera of such cranes, whether the water ^ert much or httle 
ffirce in moving the pistons. The difference between employing 
dwtic medimns like air and steam, und un inelastic medium 
like water, for transmitting force in performhig irregular duty, 
ku been already alluded to, and forms a very interesting stady 
lor a student in mechanics, leading, as it does, to the solution 
of mwiy problems concerning the use and effect of power. 

The steam cranes of Mr Morrison, which resemble hydraulic 
Annes, except that steaoi instead of water is employed as a 
Dtedinm for transmitting force, combine all the advantages of 
hydraulic apparatus, except positive movement, and evade the 
lra» of power that occurs in the use of water. The elasticity of 
ihe steam is found in practice to offer no obstacle to steady and 
ucnrate movement of a load, provided the mechanism ia well 
Wnstructed, while the loss of heat by radiation is but trifling. 

To return to shop processes in manufacturing. Material 
operated upon has to be often, sometimes continually, moved 
bom one place to another to receive successive operations, and 
tiua movement may be either Tertically or horizontally as 
determined, first, by the relative facility with which the material 
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JBifty he raiaeJ Tertieallj", or moved horizontally, and secondly, by 
the value of the ground and the amount of room that may ta 
ftvailable, Bud thirdly by local conditions of arrangement. In higi 
cities, where a great share of manofactiiring ia carried on, ^ 
value of ground is sn great that its ccat becomes a valid reaMa 
for constructing high buUdinga of several storeys, and monng 
material vertically by hoists, tlins gaining surfaoe by Bxhsb, 
instead of spreading the work over the ground ; nor is there 
any disadvantage in high buildings for most kind of manufactore, 
including toacMne fitting even, a proposition that will hardly 
be accepted in Europe, where fitting operations, except for smdl 
pieces, are rarely performed on upper flours. 

Vertical handling, althongh it conauinea more power, as a 
costs less, is more convenient, and requires less room 
horizontal handling, which ia sure to interfere more or leas vritii 
the constructive operations of a workshop, la machine fi' 
there Ja generally a wrung estimate placed upon the value of 
ground floors, which are no doubt indiapensablo for the heaviest 
class of work, and for the heaviest tools; but with an ordi 
class of work, where the pieces do not exceed two tona iii 
weight, upper floors if strong are quite as convenient, if there 
is proper machinery for handling material ; in fact, the reoonb 
of any establishment, vfhere cost accounts are carefully made Vip,. 
will show that the expense of fitting on upper floors is less I' 
on ground floors. This ia to be accounted for by better light, 
a removal uf the fitting from the infiuences and interference of 
other operations that must necessarily be carried on npon 
ground floors. 

For loading and unloading carts and waggons, the conven: 
of the old outside sling is well known ; it is also a well-attested 
fact that accidents rarely happen with sling hoists, although 
they appear to be less safe than running platforms or lifts. 
a, general rule, the most dangerous machinery for handling w 
raising material is that which pretends to dispense with the cbM 
and vigilance of attendants, and the safest machinery dui 
which enforces such attention. The condition which leads ta 
danger in hoisting machinery ia, that the power employed is 
opposed to the force of gravity, and as the force of grnvily i» 
acting continually, it ia always ready to take advantage of thft 
leiist ceasation in the opposing force employed, and thus drag 
away the weight for which the two forces are contending 
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as a weight when under tlie influence of gravity is moved at an 
Rccelerated velocity, if gravity becomes the master, the result 
is generally a serious accident. Lifting may be considered a 
wherein the contrivances of man are brought to bear in over- 
ing or opposing a natural force; the imperfect force of the 
machinery is liable to accident or interruption, but gravity never 
flils to act. Acting on every piece of matter in proportion to 
its weight must be some force opposing and equal to that of 
gravity ; for example, a piece of iron lying on a bench is opposed 
by the bench and held in resistance to gravity, and to move 
this piece of iron we have to subatitnte some opposing force, 
like that of the hands or lifting mechanism, to overcome 
^vity. 

As molecular adhesion tecps the pai tides of matter together 
aO as to form sohds, so the force of gravity keeps objects in 
their place ; and to attain a proper conception of forces, especially 
in handling and moving material, it is necessary to familiarise 
the mind with this thought, 

The force of gravity acts only in one direction — vertically, 
W that the main force of hoisting and handling machinery 
wluch opposes gravity must also act vertically, while the 
ioriiontal movement of objects may be accomplished by simply 
. cwrcoming the friction between them and the surfaces on 
•Tiich tliey move. This is seen in practice. A force of a 
hundred pounds may move a loaded truck, which it would 
Mqmre tons to lift; hence the horizontal movements of 
IdUerial may be easily accomplished by hand with the aid of 
tntcks and rollers, go long as it is moved on level planes ; but 
it a weight has to he raised even a single inch by reason of 
ifhgularity in floors, the difference between overcoming frictional 
contact and opposing gravity is at once apparent. 

One of the problems connected with the handling of material 
Uto determine where hand-power should stop and motive-power 
Itgin — wliat conditions will justify the erection of cranes, 
Inists, or tramways, and what conditions will not. Frequent 
tnigtakes are made in the application of power when it is not 
itquired, especially for handling material ; the too common 
tendency of the present day being to apply power to every 
parpose where it is possible, without estimating the actual 
living that, may be effected. A common impression is that 
motive power, wherever applied to supjiLint band labi 
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handling material, prodaces a gain ; but in many cases the 
fallacy of this will be apparent, when all the conditions are 
taken into account. 

Considered upon grounds of commercial expediency as a 
question of cost alone, it is generally cheaper to move material 
by hand when it can be easily lifted or moved by workmen, 
when the movement is mainly in a horizontal direction, and 
when the labour can be constantly employed ; or, to assume a 
general rule which in practice amounts to much the same 
thing, vertical lifting should be done by motive power, and 
horizontal movement for short distances performed by hand. 
There is nothing more unnatural than for men to carry loads up 
stairs or ladders ; the effort expended in such cases is one-half 
or more devoted to raising the weight of the body, which 
is not utilised in the descent, and it is always better to employ 
winding or other mechanism for raising weights, even when it is 
to be operated by manual labour. Speaking of this matter of 
carrying loads upward, I am reminded of the fact that builders 
in England and America, especially in the latter country, often 
have material carried up ladders, while in some of the older 
European countries, where there is but little pretension to 
scientific manipulation, bricks are usually tossed from one man 
to another standing on ladders at a distance of ten to fifteen feet 
apart. 

To conclude. The reader will understand that the difficulties 
and diversity of practice, in any branch of engineering, create 
similar or equal difficulties in explaining or reasoning about the 
operations ; and the most that can be done in the limited space 
allotted here to the subject of moving material, is to point out 
some of the principles that should govern the construction and 
adaptation of handling machinery, from which the reader can 
take up the subject upon his own account, and follow it through 
the various examples that may come under notice. 

To sum up — We have the following propositions in regard to 
moving and handling material : 

1. The most economical and effectual mechanism for handling 
is that which places the amount of force and rate of movement 
continually under the control of an operator. 

2. The necessity for, and consequent saving effected by, power- 
machinery for handling is mainly in vertical lifting, horizontal 
movement being easily performed by hand. 
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ertical raoveraent of material, althougli it consumes 
more power, ib more economical than horizontal baudliog, because 
leae floor room and ground surface is required. 

4. The Tolue of haudlisg machinery, or the saving it effects, 
is as the constancy with which it operates; such machinery may 
shorten the time of huadling without cheapening the expense. 

5. Hydraulic machinery comes neatest to filling the required 
conditions in handling material, and should he employed in 
cases where the work is tplerably uniform, and the amount of 
tandliug will justify the outlay required. 

6. Handling material in machine construction is one of the 
principal espenses to be dealt with ; each time a piece is moved 
its cost is enhanced, and usually in a umch greater degree than 
is supposed. 

(I.) Why has the lifting of weights been made a standard for the 
measure of power 1 — (2.) Name some of the difliciihies to contend with 
in the operation of machinery for lifting or handling material. — (3.) What 
ualogy exists between manual handliug and the operation of hydrauUc 
cnnes I — (4.) Explnin how the employment of overhead cranes saves 
room in a fitting shop.— {5.) Under wimt circumstances is it espedient to 
move material vertically !— (6.) To what circumstances is the danger, 
if handling mainly attribataUel 
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combination of several fiinclio 



not 3< 



j machine, althon 
m an important matter to be considered 1 
e that Las much to do with the manufacture g 



-'ttevertheless o 

machines, and constitutes what may be termed a principle fl 
WOstmction. 

The reasons that favour combination of functions in machine^ 
snd the effects that such combinations may produce, are so 
various that the problem has led to a great diversity of opinions 
and practice among both those who construct and even those 
who employ machines. It may be said, too, that a great share 
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I of the combiuationa found in machines, Butii as those to turn, 
I, bore, slot, and drill in iron fitting, are not due to any deli- 
I borate plan on the part of the maters, bo much aa to an opinion 
I that such machines represent a double or increased capacity. 
So far has combination in machines been carried, that in one 
e that came under the writci''s notice, a machine was arranged 
to perform nearly every operation required in finishing the parts 
of macLinsry ; completely organiset), and displaying a high order 
of mechanical ability in design aud arraageiiient, but practi- 
cally of no more value than a single machine tool, because but 
one operation at a time could be performed 
I To direct the attention of learners to certjiin rules that will 
I guide them in forming opinions in this matter of machine 
combination, I -will present the foHuvdng propositions, and 
afterwards consider them more in detail : — 

First. By combining two or mote operations in one machine, 
the only objects gained are a slight saving in first coat, ( 
I frame answering for two or more machines, and a saving of flow 
I roiim. 

I Second. In a machine where two or more opcrationa are 
I combined, the capacity of auch a machine is only as a single one 
I of these operations, unless more than one can be carried on at 
I the same time without interfering one with another. 
[ Third, Combination machines can orjly be employed with 
I Bucceas when one attendant performs all the operations, and 
I when the change from one to another requirea but little adjust' 
xnent and re-arrangement. 

Fourth. The arrangement of the parts of a combination 

machine hare to be modified by the relations between them, 

instead of being adapted directly to the work to be performed. 

Fifth. The cost of special adaptation, and the usual iocon- 

I Tenienoe of fitting combination machines when their parts 

[ operate independently, often equals and sometimes exceeds what 

[ is saved in framing and floor space. 

Referring first to the saving effected by combining aeveral 
operations in one machine, there ia perhaps not one constractoi 
ill twenty that ever stops to consider what is really gained, 
and perhaps not one purchaser in a hundred that does the same 
thing. The impression ia, that when one machine performs two 
j operations it saves a aecond machine. A remarkable ezamplo 
of thia esiatd in the maciifacture of combination maohinea i 
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T5urope for woiking wood, where it ia common to find complicated 
machines that will perform all the UTJerations of a joiner's shop, 
but as a rule only one thing at a time, and usually ia an incon- 
venient manner, each operation being hampered and interfered 
with by another ■ and in changing from one kind of work to 
another the adjustments and changes generally equal and some- 
timea esceed the work to he done. What is stranger still ig, that 
such machines are purchased, when their cost often equals that 
of separate machines to perform the same work. 

In metal working, owing to a more perfect division of labour, 
and a more inteUlgent manipiilation than in wood-working, there 
is lesi combination in machines — in fact, a combination machine 
for metal work is rarely seen at this day, and never under 
drcumstances where it occasions actual loss. Tba advantage of 
combination, as said, can only be in the framing and floor space 
occupied by the machines, but these considerations, to be 
estimated by a proper standard, are quite insignificant when 
cnnipared with other items in the cost of machine operating, 
such aa the attendance, interest on the invested cost of the 
machine, depreciation of value hy wear, repairing, and so on. 

Assuming, for example, that a machine will cost as much as 
the wages of an attendant for one year, which is not far from 
AD average estimate for iron working machine tools, and that 
interest, wear, and repairs amount to ten per cent on this sum, 
then the attendance would coat ten times as much as the 
machine ; in other words, the wages paid to a workman to 
attend a. machine is, on an average, ten times as much aa the 
other expenses attending its operation, power excepted. This 
assomed, it follows that in machine tools any imjiroveiTietit 
directed to labour saving is worth ten timet as much as an equal 
iraprovement directed to the economy of first cost. 

This mode of reasoning will lead to proper estimates of the 
^fference in value between good tools and inferior tools ; the 
results of performance instead of the investment being first con- 
sidered, because the expenses of operating are, as before assumed, 
uaaally ten times aa great as the interest on the value of a 
machine. 

In view of these propositions, I need hardly say to what object 
machine improvements should be directed, nor which of the con- 
siderations named are moat affected by a combination of machine 
f nnctiona ; the fact ia, that if estimates could be ^Jce'5Me'i, ■iW™- 
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ing the actual effect of machine combinations, it would astonish 
those who have not investigated the matter, and in many cases 
show a loss of the whole cost of such machines each year. The 
effect of combination machines is, however, by no means uniform ; 
the remarks made apply to standard machines employed in the 
regular work of an engineering or other establishment. In ex- 
ceptional cases it may be expedient to use combined machines. 
In the tool-room of machine-shops, for instance, where one man 
can usually perform the main part of the work, and where there 
is but little space for machines, the conditions are especially 
favourable to combination machines, such as may be used m 
milling, turning, drilling, and so on ; but wherever there is a 
necessity or an opportunity to carry on two or more of these 
operations at the same time, the cost of separate machines is but 
a small consideration when compared with the saving of labour 
that may be effected by independent tools to perform each operas 
tion. The tendency of manufacturing processes of every kind, 
at this time, is to a division of labour, and to a separation of 
each operation into as many branches as possible, so that study 
spent in " segregating " instead of " aggregating " machine func- 
tions is most likely to produce profitable results. 

This article has been introduced, not only to give a true under- 
standing of the effect and value of machine combination, but to 
caution against a common error of confounding machine combi- 
nation with invention. 

A great share of the alleged improvements in machinery, when 
investigated will be found to consist in nothing more than the 
combination of several functions in one machine, the novelty of 
their arrangement leading to an impression of utility and increased 
effect 

(1.) What is gained by arranging a machine to perform several 
different operations ?— (2.) What may be lost by such combination ? — 
(3.) What is the main expense attending the operation of machine 
tools ? — (4.) What kind of improvement in machine tools produces the 
most profitable result ? — (5.) What are the principal causes which have 
led to machine combinations. 
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CHAPTER XIX. 



nfirst and, perhaps, the most important matter of all in 

_ engmeeriug works is that of arraugeraent. As a 

DDercial consideration affecting the cost of manipulation, and 

e of handling material, the arrangement of an estiib- 

iiit may determine, in a large degree, the profits that may be 

i, and, aa explained in a previous place, upon this matter of 

B depends the success of such works. 

' "e from the cost or difficulty of obtaining ground sufficient 

y OQt plana for engineering establishments, the diversity 

lugement met with, even in those of modem conatnic- 

tia no doubt owing to a want of reasoning from general 

There is always a strong tendency to accommodate 

f fMnditions, and not nntrequently the details of shop mani- 

e quite overlooked, or are not understood by those who 

;e building!!. 

I similarity of the operations carried on in all works 

i to the manufacture of machinery, and the kind of 

jdga that is required in planning and conducting such 

I, would lead ns to suppose that at least as much system 

exist in machine shops as in other manufacturing 

ihmenta, which is certainly not the case. There is, 

er, this difference to be considered : that whereas many 

p.of establishments can be arranged at the beginning for a 

J amount of business, machine shops generally grow up 

a nucleus, and are gradually extended as their reputation. 

i demands for their productions increase; besides, the 

my of operations required in an engineering establishment, 

^snge from one class of work to another, are apt to lead 

ofosioD in arrangement, which is too often promoted, or 

i DOt prevented, by insufficient estimates at the cost of 

ing sad moving material. 

tenalfl consumed in an engineering establishment consist 
f of iron, fuel, sand, and lumber. These articles, or their 
its, daring the processes of manipulation, are continmilly 
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approaching the erecting shop, from which finished machinery 
is sent out after its completion. This constitutes the erectdng 
shop, as a kind of focal centre of a works, which should be the 
base of a general plan of arrangement. This established, and 
the foundry, smithy, finishing, and pattern shops regarded 
as feeding departments to the erecting shop, it follows that 
the connections between the erecting shop and other depart- 
ments should be as short as possible, and such as to allow 
free passage for material and ready communication between 
managers and workmen in the different rooms. These con- 
ditions would suggest a central room for erecting, with 
the various departments for casting, forging, and finishing, 
radiating from the erecting shop like the spokes of a wheel, or, 
what is nearly the same, branching off at right angles on either 
side and at one end of a hollow square, leaving the fourth side 
of the erecting room to front on a street or road, permitting free 
exit for machinery when completed. 

The material when in its crude state not only consists of 
various things, such as iron, sand, coal, and lumber, that must be 
kept separate, but the bulk of such materials is much greater than 
their finished product. It is therefore quite natural to receive such 
material on the outside or "periphery " of the works where there is 
the most room for entrances and for the separate storing of such 
supplies. Such an arrangement is of course only possible where 
there can be access to a considerable part of the boundary of a 
works, yet there are but few cases where a shop cannot be ar- 
ranged in general upon the plan suggested. By receiving material 
on the outside, and delivering the finished product from the 
centre, communications between the departments of an establish- 
ment are the shortest that it is possible to have ; by observing 
the plans of the best establishments of modern arrangement, 
especially those in Europe, it may be seen that this system 
is approximated in many of them, especially in establish- 
ments devoted to the manufacture of some special class of 
work. 

Handling and moving material is the principal matter to be 
considered in the arrangement of engineering works. The 
constructive manipulation can be watched, estimated, and faults 
detected by comparison, but handling, like the designs for 
machinery, is a more obscure matter, and may be greatly at 
fault without its defects being apparent to any but those who 
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are higlily skilled, and liave Lad their attention especially directeJ 
to tlie mutter. 

Preanming an engineering establishment to consist ot one- 
Btorey buildings, and the main operations to be conducted on 
the ground level, the only vertical lifting to be performed will 
be in the erecting room, where the parts of machines are 
assembled. This room should be reached in every part by 
over-head travelling cranes, that cannot only be used in turning, 
moving, and plaoing the work, but in loading it upon cara or 
waggons. One result of the employment of over-head travelling 
cranes, often overlooked, is a saving of floor-room ; in ordinary 
fitting, from one-third more to twice the number of workmen 
will find room in an erecting shop if a travelling- crane is em- 
ployed, the difference being that, in moving pieces they may 
pass over the top of other pieces instead of rcqairing long open 
passages on the floor. So marked is this saving of room 
effected by over-iiead cranes, tliat in England, where they are 
generaUy employed, handling is not only less expensive and 
quicker, but the area of erecting floors is usually one-half as much 
aa in America, whore travelliDg-cranes are not employed. 

Castings, forgings, and general anpplies for erecting can be 
easily brought to the erecting shop from the other departments 
ou trucks without the aid of motive power ; so that the erect- 
ing and foundry cranes will do the entire lifting duty required 
in any but very large establiahmenta. 

The aumliary departments, if disposed about an erecting shop 
in the centre, should be so arranged that material which has to 
pass through two or more departments can do so in the order 
of the processes, and without having to cross the erecting shop. 
Citing, boring, planing, drilling, and fitting, for example, 
should follow each other, and the different departments be 
anonged accordingly ; whenever a casting is moved twice over 
the same course, it shows fault of arrangement and useless ex- 
pcnae. The same rule applies to all kinds of material. 

A great share of the handling about an engineering establish- 
ment is avoided, if material can be stored and received on a higher 
level than the working floors ; if, for instance, coal, iron, and sand 
ii rec^ved from railway cars at an elevation sufficient to allow it 
to be deposited where it ia stored by gravity, it is equivalent to 
ssviug the power and expense required to raise the material to 
cocll S height, or move it and pile it up, which amounts to th^ 
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same tiling in the encL It is not proposed to follow the detaib 
of shop arrangement, farther than to furnish a due to eome of 
the general principles that should be regarded in devising plans 
of arrangement. Such principles are much more to be relied 
upon than even experience in suggesting the arrangement of 
shops, because all experience must be gained in connection with 
special local conditions, which often warp and prejudice tlie 
judgment, and lead to error in forming plans under circumstaoeei 
different from those where the experience was gained. 

(1.) How may the arrangement of an establishment affect its eamingil 
— (2.) Why is the arrangement of engineering establishments genenOf 
irregular 1 — (3.) Why should an erecting shop be a base of arrangement 
in engineering establishments ? — (4.) What are the principal materiib 
consumed in engineering works ?— (5.) Why is not special experience a 
safe guide in forming plans of shop arrangement f 



CHAPTER XX. 

GENERALISATION OF SHOP PROCESSES, 

Having thus far treated of such general principles and fact? 
connected with practical mechanics as might properly precede, 
and be of use in, the study of actual manipulation in a work- 
shop, we come next to casting, forging, and finishing, with other 
details that involve manual as well as mental skill, and to which 
the term " processes " will apply. 

As these shop processes or operations are more or less con- 
nected, and run one into the other, it will be necessary at the 
beginning to give a short summary of them, stating the general 
object of each, that may serve to render the detailed remarks 
more intelligible to the reader as he comes to them in their 
consecutive order. 

Designing, or generating the plans of machinery, may be 
considered the leading element in engineering manufactures or 
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£ine cocstmctioD, that one to which, all otbers are sub-fl 
irdinate, both ia order and importance, and is that branch-l 
lO which engineering knowledge ia especially directeij. De-* 
fgtung ehould consiet, first, in assuming cerlnin results, and,.! 
lecondly, in conceiving of mechanical agents to prodnce the as I 
pesnlta. It comprehends the geometry of morements, the J 
AispoBition and arrangement of material, the endurance ofl 
veaiing snrfaceB, adjnstments, eymmetrj; in short, all the c< 
QjtionB of machine operation and machine cnnBtnictiou. T 
sabject will be again treated of at more length in another^ 
Oaon. 

Draughting, or drawing, as it is more commonly called, ia a 
eaiu by which mental conceptions are conveyed from one 
ipenon to another ; it is the language uf mechanics, and takes 
Hut place of words, which arc insufficient to convey mechanical 
<Ums in an intelligible manner. 

Drawings represent and explain the machinery to which they 
TvlAe as the symbols in algebra represent quantities, and i 
iegiee adroit of the same modifications and experiments to 
■»Mch the machinery itself could be subjected if it were already j 
eun&tmcted. Drawings are also an important liid in developing ' 
daaigns or conceptions. It ia impossible to conceive of, and 
t%tain in the mind, all the parts of a complicated machine, and 
tiieir relation to each other, without some aid to fix the various 
Has as they arise, and keep them in sight for comparison ; like 
< Wapiling statistics, the footings must, be kept at han( 
' t^rence, and to determine the relation that one thing may ■ 
Wr to anothe;:, I 

In the workshop, the objects of drawing are to communicate 1 
TfSlUia and dimensions to the workmeo, and to enable a division 
of the labour, so that the several parts of a machine may be 
operated npon by different workmen at the same time — also to 
unUe classification and estimates of cost to be made, and 
teeords kept 

Drawings are, in fact, the base of shop system, upon which 
depoids nut only the accuracy and uniformity of what is 
prodttced, but ^eo, in a great degree, its cost. Complete 
drawings of whatever is made are now considered indispensable 
..in the best regulated establishments ; yet we are not bo far 
removed from a time when most work was made without 
-diswing^j but what we may contrast the present system with 
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tLat nltich existed but a few years ago, vrhen to construct a new] 
machine was a great imdertakiiig, involviug generally i 
experiments and ndstakes. 

Pattern - making relates to the constmction of dupl 
models for tlie manlded parts of machinery, and invcJvea-] 
knowledge of shrinkage and cooling strains, the manner Ol 
moulding and proper position of pieces, when cast, to eoaon 
soundness in particular parts. As a branch of madiine mam 
facture, pattern-making requires a large amount of spedd 
knowledge, and a high degree of skill ; for iii no 
ment la there so much that must be left to the discretion » 
judgment of workmen. 

Pattern-makers have to thoroughly underatind drawings, li 
order to reproduce them on the trestle boards with allowance k 
shrinkage, and to determine the cores ; they must also undtf 
stand moulding, casting, fitting, and finishing. Fattem-maldni 
as a branch of machine manufacture, should rank neit t 
designing and drafting. 

Founding and casting relate to forming parts of t 
by pouring melted metal into moulds, the force of gravity a; 
being sufficient to press or shape it into even complicated fon 
As a process fur shaping such metal as is not injured by & 
high degree of heat required in melting, moulding b fi 
cheapest and most expeditious of all means, even .for f(Hg 
of regular outline, while the importance of moulding in fi 
ducing irregular forms is such that without this procesa t] 
whole system of machine construction would have to be c' 
Founding operations are divided into two classes, known I 
caUy as green s^nd moulding, and loam or dry sand t 
the £rst, when patterns or duplicates are used to form t 
moulds, and the second, when the moulds are built by ha) 
without the aid of complete patterns. Fonnding involvei 
knowledge of mixing and melting metals such as are 
machine construction, the preparing and setting of i 
the internal displacement of the metal, cooling and shrinking. I 
strains, - chills, and many other things that are more or leU I 
Rpecial, and can only be learned and understood from actaal i 
observation and practice. 

Forging relates to shaping metal by compression or blows I 
when it is in a heated and softened condition ; as a process, it ii ■ 
an iuternjedinte one between casting aud what may be callBdJ 
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le cold processes. Forging also relates to welding or joining 

tC'gether by suddeu heatiDg that inelta tl:e surface 

oly, and tLen by forcing tile pieces together while in this 

tftened or semi-fused state. Forging includes, in ordinary 

nctice, the preparation of cutting tools, and tempering them 

vanoua degrees of hardness as the nature of the work for 

ieh tliey are intended may require ; also the construction of 

nacea for heating the materi^d, and mechanical devices for 

■ndiing it when hot, with the Tarjous operations for shaping, 

ibidi, OS in the case of casting, can only be fully understood by 

and observation. 

Mnisbing and fitting relates to giving true and accurate 

the parts of machinery that come in contact with 

|B(^ other and are joined together or move upon each other, and 

Ignsists in catting away the surplus material which has to be left 

{bonding and forging because of the heated and expanded con- 

which the material is treated in these last processes. In 

ig, material is operated upon at its nurmal temperature, iu 

condition it can be handled, gauged, or measured, and will 

ita shape after it is fitted. Finishing comprehends all 

^ns of cutting and abr&ding, such as turning, boring, 

id grinding, also the handling of material ; it is considered 

g department in shop manipulation, because it is the 

the work constructed is organised and brought together. 

' shop is also that department to which drawings espe- 

ty, and other preparatory operations are usually made 

it to the fitting processes. 

iystem may also be classed as a branch of engineering 

" relates to the classification of machines and their parts 

id numbers, to records of weight, the expense of 

forced, andfinishedparts.andapportinas the cost of finished 

attehinery among the different departments. Shop system also 

JDclndeB the maintenance of standard dimensions, the classification 

nd cost of labour, with other matters that partake both of a 

Bw<^tanical and a commercial nature. 

In order to render what is said of shop processes more easily 
mdsrstood, it will bo necessary to change the order in which they 
bsT« been named. Designing, and many matters connected with 
&e operation of machines, will be more easily learned and tinder- 
itood after having gone through with what may be called the 
Eauetructive operations, such as involve manual skill 
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(1.) Name the different departments of an engineering establ 
— (2.) What does the engineering establishment include 1 — (J 
does the commercial department include? — (4.) The foundr] 
ment ?— (6.) The forging department?— (6.) The fitting depart 
(7.) What does the term shop system mean as generally employ 



CHAPTER XXL 

MECHANICAL DRAWING. 

Machine-drawing may in some respects be said to I 
same relation to mechanics that writing does to lit 
persons may copy manuscript, or write from dicta 
what they do not understand; or a mechanical drau| 
may make drawings of a machine he does not understa 
neither such writing or drawing can have any value beyc 
of ordinary labour. It is both necessary and expected 
draughtsman shall understand all the various processes of 
construction, and be familiar with the best examples 
furnished by modern practice. 

Geometrical drawing is not an artistic art so much a? 
constructive mechanical one ; displaying the parts of m; 
on paper, is much the same in practice, and just the same 
ciple, as measuring and laying out work in the shop. 

Artisliic.drawing is addressed to the senses, geometrical 
is addressed to the understanding. Geometrical drawii 
however,, include artistic skill not in the way of ornamc 
but to convey an impression of neatness and completeni 
has by common custom been assumed among engineers, an 
conveys to the mind an idea of competent constructioi 
drawing itself, as well as of the machinery which is repr 
Artistic effect, so far as admissible in mechanical drawing 
to learn, and should be understood, yet through a desire 
pictures, a beginner is often led to neglect that which 
important in the way of accuracy and arrangement. 

It is easy to learn " how " to draw, but it is far from easy 
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" to draw. Let this be kept in mind, not in the way ft 
i^g effort in learning " how " to draw, for this must ci 
tut in order that the objects and true nature of the v 
e understood. 

) engineeriDg apprentice, as a rule, lias a. desire to make 

oa aa he begins his studies or his work, and there 

i'the least objection to his doing so ; in fact, there is a greafrg 

ined by illustrating movements and the details of i 

ne time of studying the piinciples. Drawings j 
K should always be finished, carefully inked iu, and memd- 
htnade on tlie margin of the sheets, witli the date and the 
nona under which the drawings were made. The sheets 
^ be of uniform size, not too large for a portfolio, o 
reserved, no matter how imperfect they may bo. An ap- 
e who will preserve his first drawings in this manner willj 
Eday find himself in possession of a souvenir that i 

a would cause him to part with, 
^implements procure two drawing-boards, forty-two inches-" 
1 thirty inches wide, to receive double elephant paper; 
I boards plain without cleets, or ingenious devices for 
g the paper ; they should be made from thoroughly aea- 
raber, at least one and one-fourth inches thick; if thinner 
I not be heavy enough to resist the thrust of the T 

i better to have two boards, so that one may be used for 
Uiisg and drawing details, wliich, if done on the same sheet 
Vitk elevations, dirties the paper, and is apt to lower the 
standard of the finished drawing by what may be called bad 
association. 

Details and sketches, when made on a separate she^t, should 
be to a larger scale than elevations. By changing from one scale 
; to another the mind is schooled in proportion, and the concep- 
Ition of sizes and dimensions is more apt to follow the fiuiahed 
'Work to which the drawings relate. 

In working to regular scales, such aa one-half, one-eighth, or 
jeae-aisteenth size, a good plan is to nse a common rule, instead 
M » graduated scale. There is nothing more convenient for a 
jnechanical draughtsman than to be able to readily resolve dimen- 
fSoBS into various scales, and the use of a common rule for 
fractional scales trains the mind, so that computations come 
mitarally, end after a time almost without efibrt. A plain T 
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Rqiiare, with a parallel blade fastened on the side of the head, 
but not imbedded into it, is the best ; in this way set squares 
can pass over the head of a T square in working at the edges 
of the drawing. It is strange that a draughting square should 
ever have been made in any other manner than this, and still 
more strange, that people will use squares that do not allow the 
set squares to pass over the heads and come near to the edge 
of the board. 

A bevel square U often convenient, but should be an in- 
dependent one; a T square that has a movable blade is not 
suitable for general use. Combinations in draughting instruments^ 
no matter what their character, should be avoided ; such com- 
binations, like those in machinery, are generally mistakes, and 
their effect the reverse of what is intended. 

For set squares, or triangles, as they are sometimes called, no 
material is so good as ebonite ; such squares are hard, smooth, 
impervious to moisture, and contrast with the paper in colour; 
besides they wear longer than those made of wood. For instru- 
ments, it is best to avoid everything of an elaborate or fancy 
kind ; such sets are for amateurs, not engineers. It is best to 
procure only such instruments at first as are really required, of 
the best quality, and then to add others as necessity may demand ; 
in this way, experience will often suggest modifications of size or 
arrangement that will add to the convenience of a set. 

One pair each of three and one-half inch and five inch com- 
passes, two ruling pens, two pairs of spring dividers, one for 
pens and one for pencils, a triangular boxwood scale, a common 
rule, and a hard pencil, are the essential instruments for machine- 
drawing. At the beginning, when "scratching out" will pro- 
bably form an item in the work, it is best to use Whatman's 
paper, or the best roll paper, which, of the best manufacture, is 
quite as good as any other for drawings that are not water- 
shaded. 

In mounting sheets that are likely to be removed and replaced, 
for the purpose of modification, as working drawings generally 
are, they can be fastened very well by small copper tacks driven 
along the edges at intervals of two inches or less. The paper can 
be very slightly dampened before fastening in this manner, and 
if the operation is carefully performed the paper will be quite as 
smooth and convenient to work upon as though it were pasted 
down ; the tacks can be driven down so as to be flush with, or 



w 



MECnASICAL DRAWISG. 



IjeTow tlie sarCace of, tlie paper, and wLl! offer no obstruction to 

squares. _^ 

If a drawing is to be elaborate, or to remain long upon a 
j'boaid, tie paper aliould be pasted down. To do this, first 
I prepare thick mucilage, or what b better, glue, and have it ready 
[at hand, with some slips of absorbent paper an inch or so wide. 

I Dampen the sheet on both sides with a sponge, and tKen apply 
^e mucilage along the edge, for a width of oue-fourtli or three- 
aightha of an inch. It is a matter of some difficulty to place 
a sheet upon a board ; but if the board ia set on its edge, 
the paper can be applied without assistance. Then, by placing 
jtho strips of paper along the edge, and rubbing over them with 
some smooth hard instrument, the edges of the sheet can be 
pasted firmly to the board, the paper slips taking up a part of 
I the moisture from the edges, which are longest iu drying. If 
left in this condition, the centre will dry first, and the paper be 
palled loose at the edges by contraction before the paste has 
I ifane to dry. It is therefore necessary to pass over the centre 
I' of the sheet with a wet sponge at intervals to keep the paper 
I'dightly damp until the edges adhere firmly, when it can be left 
I' to dry, and will bo tight and smooth. In this operation much 
wiU be learned by practice, and a beginner slTould not be dis- 
OOUraged by a few failures. One of the most common diffi- 
mltiea in mounting sheets is in not having the gum or glue 
f tMck enough ; when thin, it will be absorbed by the wood or 
|l Ibe paper, or is too long in drying ; it should be as thick 3d it 
eon be applied with a brash, and made from clean Arabic gum, 
I tragftcantb, or fine glue. ' 

r~ TUnmb-taeks are of but little use in mechanical drawing 
li except for the most temporary purposes, and may very well be 
I dispensed with altogether; they injure the draugbtii^g-boards, 
ubstmct the squares, and disBgure the sheets. 

PeneiUing is the first and the most important operation in 
draughting ; mora skill is required to produce neat pencil-work 
than to ink in the lines after the pencilling is done. 

A beginner, unless he exercises great care in the pencil- 
work of a drawing, will have the disappointment to find the 
paper soon becoming dirty from plumbago, and the penciHinea 
crossing each other everywhere, so as to give the whole a slovenSy 
wpearance. He will also, unless he understands the nature of 
tie operations in which ha is engaged, make the mistake of 
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regarding the pencil- work as an unimportant part, instead of 
constituting, as it does, the main drawing, and thereby neglect 
that accuracy which alone can make either a good-looking or a 
valuable one. 

Pencil-work is indeed the main operation, the inking being 
merely to give distinctness and permanency to the lines. The 
main thing in pencilling is accuracy of dimensions and stopping 
the lines where they should terminate without crossing others. 
The best pencils only are suitable for draughting ; if the plumbago 
is not of the best quality, the points require to be continuaUjr 
sharpened, and the pencil is worn away at a rate that more t\m 
makes up the difference in cost between the finer and cheaper 
grades of pencils, to say nothing of the effect upon a drawing. 

It is common to use a flat point for draughting pencils, bat a 
round one will often be found quite as good if the pencils are 
fine, and some convenience is gained by a round point for free- 
hand use in making rounds and fillets. A Faber pencil, that has 
detachable points which can be set out as they are worn away, 
is convenient for draughting. 

For compasses, the lead points should be cylindrical, and fit 
into a metal sheath without paper packing or other contrivance 
to hold them ; and if a draughtsman has instruments not arranged 
in this manner, he should have them changed at once, both for 
convenience and economy. 

Ink used in drawing should always be the best that can be 
procured ; without good ink a draughtsman is continually annoyed 
by an imperfect working of pens, and the washing of the lines 
if there is shading to be done. The quality of ink can only be 
determined by experiment ; the perfume that it contains, or tin- 
foil wrappers and Chinese labels, are no indication of quality ; 
not even the price, unless it be with some first-class house. To 
prepare ink, I can recommend no better plan of learning than to 
ask some one who understands the matter. It is better to 
waste a little time in preparing it slowly than to be at a continual 
trouble with pens, which will occur if the ink is ground too 
rapidly or on a rough surface. To test ink, a few lines can be 
drawn on the margin of a sheet, noting the shade, how the ink 
flows from the pen, and whether the lines are sharp ; after the lines 
have dried, cross them with a wet brush ; if they wash readily, 
the ink is too soft ; if they resist the water for a time, and then 
wash tardily, the ink is good. It cannot be expected that inks 
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salable in water can permanently resist its action after dryiij 
in fact, it is not desirable that drawing inks should do so, for 
in shading, outlines should be bleoded iuto the tints where the 
Ifttter are deep, and this can only be effected by washing. 

Pens win generally fill by capilJary attraction; if not, they should 
bo made wet by being dipped into water; they should not be 
put into the month to wet them, aa there is danger o£ poison 
&om some kinds of ink, and the habit is cot a neat one. 

In using ruling pens, £hey should be held nearly vertical, lean- 
iag just enough to prevent them from catching on the paper. 
Beginners have a tendency to hold pens at a low angle, and drag j 
ttism on. their side, but this will not prodnce cleiiu sharp linea^.a 
nor allow the lines to be made near enough to the edges of squaitf'l 
Uades or set squares. __i — - 1 

In regard to the use of the T square and set squares, no nsefnl 
mles can be given except to observe others, and experiment 
natil coHTenient customs are attained. A beginner should be 
ousful of adopting unusual plans, and above all things, of making 
important dbcoveries as to new plans of using instrumentB^H 
■Bsuming that common practice is all wrong, and that it is lef^f 
for hint to develop the true and proper way of dravring. Thi^H 
is a, Hud of discovery which is very apt to intrude itself at tli^| 
beginning of an apprentice's course in many matters besides draw^| 
ing, and often leads him to do and say many things which h^H 
will afterwards wish to recall. V 

It is generally a safe rule to assume that any custom long and'^ 
imiformly followed by intelligent people is right ; and, in the 
absence of that experimental knowledge which alone enables one 
to judge, it is safe to receive such customs, at least for a time, 
aa being correct. 

Without any wish to discourage the anibition of an apprentice 
to invent, which always inspires him to laudable exertion, it 
is Deverthelesa best to caution him against innovations. The 
estimate formed of our abilities is very apt to be inversely as oa;^^ 
experience, and old en^neers are not nearly so confident in thei^H 
deductions and plans as beginners are. ^M 

A drawing being inked in, the next things are tints, dimen- * 
Bion, and centre lines. The centre lines should be in red in If, and 
pass through all points of the drawing that have au axial centre, 
MBafliere the work is similar and balanced on each side of the 
HEhS^s rule is a little obscure, but will be best uoderstood J 
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^^^H if studied in connection with a drawing, and perhaps aa nU 
^^^H Temembered without further explanatiun. 

^^^H Dimension lines ahaiild be in blue, but majrbe in red. When 
^^^1 to put them is a great point in draughting. To know when 
^^^1 dimensions are required involvea a knowledge of fitting wi 
^^^V pattern-in akmg, and cannot well be explained ; it must be leuned 
^^H in practice. The lines should be Cue uid clear, leaving a spaa 
^^^K in their centre for figures when there is room. The distiibutiin 
^^^1 of centre lines and dimensions over a drawing must be caiefoU; 
^^^P studied, for the double purpose of giving it a good appeanuw 
^^^ and to avoid confusion. Figures should be made like print*J 
numerals ; tbey are much better understood by the workman, 
look more artistic, and when once learned require but little if sojr 
I more time than writtea figures. If the scale employed is feet 

^^■^ and inches, dimensions to three feet should be in inches, audabora 
^^^k this in feet and inches ; this corresponds to shop custom, and 
^^^H is more comprehensive to the workman, however wrong it nu^ 
^^^r be according to other standards. 

1 In sketches and drawings made for practice, such as are not 

intended for the shop, it ia suggested that metrical scales t« 
employed ; it will not interfere with feet and inches, and will 
^^^ prepare the mind for the introduction of this sjstem of liuttl, 
^^^L measurement, which may in time be adopted iu England ami' 
^^^B America, as it has been in many other countries. 
^^^H Iu shading drawings, be careful not to use too deep tints, EOid' 
^^^H to put the shades iu the right place. Many will contend, and 
^^^H, not without good reasons, that working drawings require 00 
^^^H shading ; yet it will do no harm to learn how and where tk^ 
^^^H can be shaded : it is better to omit the shading from chi ~ 
^^^H from necessity. Sections must, of course, be shaded — not with 
^^^B lines, although I fear to attack so old a custom, yet it is certainlf 
^^^H a tedious and useless one ; sections with light ink shading a 
^^^B different colours, to indicate the kind of material, are easier tA 
^^H make, and look much better. By the judicious arrangement of • 
^^H drawing, a large share of it may be in sections, which ia slmtsl 
^^H every case are the best views to work by. The proper coloutinf 
^^^1 of sections gives a good appearance to a drawing, and caavtip 
^^^H an idea of an organised machine, or, to use the shop tem^ 
^^^H " stands out from the paper." In shading sections, leave i 
^^^H margin of white between the tints and the lines on the upper slid 
^^^V left-hand sides of the section : this breaks the connection ot 
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Ettmeness, and tlie effect is striking ; it Beparates tlie part^, 
and adds greatly to the claanieas and general appearance of a 
drawing. 

Cylindrical parts in the plane of sections, Buch aa aliafta and 
1tK>lta, should be drawn fnll, and have a 'rnund shade,' whicli 
islieves the flat appearance — a point to bo avoided aa much as 
ZKMSible in sectional views. 

> Conventional custom has assigned blue as a tint for wrought 
ban, neutral or pale piak for cast iron, and purple for steel. 
Wood is generally distinguished by "graining," which is easily 
done, and looks well., 

'^ Tha title -of a drawing is a feature that has much tu do with 
its sppearance, and the impression conveyed to the mind of an 
observer. While it can add nothing to the real value of a drawing, 
it is GO easy to make plain letters, that the apprentice is urged 
to learn this as soon aa he begins to draw ; not tn make fancy 
letters, nor indeed any kind except plain block letters, which can 
Im rapidly laid out and finished, and consequently employed to a 
IpWhter extent. By drawing six parallel lines, making five spaces, 
and then crossing them with equidistant lines, the points and 
angles in block letters are determined ; after a little practice, it 
becomes the work of but a few miuntea to put down a title or 
other matter on a drawing so that it caa be seen and read at a 
l^lalice in searching for sheets or details. _^ 

In the manufacture of machines, there' are usually so many 
BZtts and modifications, that drawings should assist and determine 
in a lai^e degree the completeness of classification and record. 
Tiding t^e manufacture of machine tools, for example : we cannot 
irall say, each time they are to be spoken of, a thirty-six inch lathe 
without screw and gearing, a thirty-two inch lathe with screw and 
gearing, a forty-inch lathe triple geared or double geared, with a 
twenty or thirty foot frame, and so on. To avoid this it is neces- 
saty to assume symbols for machines of different classes, consist- 
ing generally of the letters of the alphabet, qualified by a single 
nnmber aa an exponent to designate capacity or different modi- 
fications. Assuming, in the case of engine lathes, A to be the 
symbol for lathes of aU sizes, then those of different capacity and 
modification can be represented in the drawings and records ia 
A\ A*, A^, A*, and so on. requiring but two characters to indicata 
a lathe of any kind. These symbols should be marked in large 
plain letters on the left-band lower corner of slieets, so that the 
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manager, workmau, or any one else, can see at a glance what the 
drawings relate to. This symbol should nm through the time- 
book, cost account, sales record, and be the technical name for 
machines to which it applies ; in this way machines will alwajs 
be spoken of in the works by the name of their symbol 

In making up the time charged to different machines during 
their construction, a good plan is to supply each workman with i 
slate and pencil, on which he can enter his time as so many hoon 
or fractions of hours charged to the respective S3rmbols. Instead 
of interfering with his time, this will increase a workman's inte- 
rest in what he is doing, and naturally lead to a desire to diminyi 
the time charged to the various symbols^ This system leads to 
emulation among workmen where any operation is repeated by 
different persons, and creates an interest in classification which 
workmen will willingly assist in. 

When the dimensions and symbols are added to a drawing; 
the next thing is pattern or catalogue numbers. These should 
be marked in prominent, plain figures on each piece of casting, 
either in red or other colour that will contrast with the general 
face of the drawing. These numbers, to avoid the use of symbok 
in connection with them, must include consecutively all patterns 
employed in the business, and can extend to thousands withoat 
inconvenience. 

A book containing the pattern record should be kept, in which 
these catalogue numbers are set down, with a short description 1 
to identify the different parts to which the numbers belong, so ' 
that all the various details of any machine can at any time be 
referred to. Besides this description, there should be opposite the 
catalogue of pattern numbers, ruled spaces, in which to enter 
the weight of castings, the cost of the pattern, and also the amount 
of turned, planed, or bored surface on each piece when it is 
finished, or the time required in fitting, which is the same thing. 
In this book the assembled parts of each machine should be s^ 
down in a separate list, so that orders for castings can be made 
from the list without other references. This system is the best 
one known to the writer, and is in substance a plan now adopted 
in many of the best engineering establishments. A complete 
system in all things pertaining to drawings and classifications 
should be rigidly adhered to ; any plan is better than none, and 
the schooling of the mind to be had in the observance of systematic 
rules is a matter not to be neglected. New plans for promoting 
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1 may at any time arise, but such plans cannot be .it any 
I- understood and adopted except by those who have culti- 
tf a taste for order and regularity. 

^regard to shaded elevations, it may be said that photography 

Jpperseded them for the purpose of illustrating completed 

nines, and bat few establishments care to incur the expense 

k-shaded elevationa. Shaded elevations cannot be made 

} degrees of care, and in a longer or shorter time ; 

one standard for them, and that is that such drawings 

L \te made with great care and skill. Imperfect shaded 

tJaons, altkongh they may surprise and please the unskilled, 

e execrable in the eyes of a draughtsman or an engineer ; and 

~ as the making of shaded elevationa can be of but little assistance 

' to an apprentice draughtsman, it is better to save the time that 

must be spent in order to make such drawings, and apply the 

tame study and time to other matters of greater importance. 

It is not assumed that shaded elevations should not be made, 
nor that ink shading should not be learned, bnt it is thought 
beat to point out the greater importance of other kinds of draw- 
ing, too often neglected to gratify a taste for picture-making, 
which has but little to do with practical mechanics. 

Isometricttl perspective is often useful in drawing, especially 
in wood strnctiirea, when the material ia of rectanguJar section, 
and disposed at right angles, as in machine frames. One iso- 
melirical view, which can be made nearly as quickly as a true 
elevation, will show all the parts, and may be figured for dimen- 
nons the same as plane views. True perspective, although rarely 
necessary in mechanical drawing, may be studied with advantage 
in connection with geometry; it wiU often lead to the explana- 
tion of problems in isometric drawing, and will also assist in 
, free-hand lines that have sometimes to be made to show parts of 
naehinery oblique to the regular planes. Thus far the remarks 
im draughting have been confined to manipulation mainly. As 
a branch of engineering work, draughting must depend mainly 
rm. special knowledge, and is not capable of being learned or 
practised upon general principles or rules. It is therefore impos- 
taVis to give a learner much aid by searching after principles 
to guide him J the few propositions that follow comprehend 
nearly aU that may be explained in words. 

^1. Geometrical drawings consist in plans, elerations, and 

; plana being views on the top of the object in a horizon- 
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tal plane ; elevations, views on the sides of the object in vertical 
planes ; and sections, views taken on bisecting planes, at any _ 
angle through an object. 

2. Drawings in true elevation or in section are based upon flat 
planes, and give dimensions parallel to the planes in which the 
views are taken. 

3. Two elevations taken at right angles to each cither, fix all 
points, and give all dimensions of parts that have their axis 
parallel to the planes on which the views are taken ; but when 
a machine is complex, or when several parts lie in the same plane, 
three and sometimes four views are required to display aU the 
parts in a comprehensive manner. 

4. Mechanical drawings should be made with reference to all 
the processes that are required in the construction of the work, 
and the drawings should be responsible, not only for dimensions, 
but for unnecessary expense in fitting, forging, pattern-making, 
moulding, and so on. 

5. Every part laid down has something to govern it that 
may be termed a " base " — some condition of function or posi- 
tion which, if understood, will suggest size, shape, and relation 
to other parts. By searching after a base for each and every 
part and detail, the draughtsman proceeds upon a regular sys- 
tem, continually maintaining a test of what is done. Every 
wheel, shaft, screw or piece of framing should be made with a 
clear view of the functions it has to fill, and there are, as 
before said, always reasons why such parts should be of a certain 
size, have such a speed of movement, or a certain amount of 
bearing surface, and so on. These reasons or conditions may be 
classed as expedient, important, or essential, and must be esti- 
mated accordingly. As claimed at the beginning, the designs 
of machines can only in a limited degree be determined by 
mathematical data. Leaving out all considerations of machine 
operation with which books have scarcely attempted to deal, we 
have only to refer to the element of strains to verify the general 
truth of the proposition. 

Examining machines made by the best designers, it will be 
found that their dimensions bear but little if any reference to 
calculated strains, especially in machines involving rapid motion. 
Accidents destroy constants, and a draughtsman or designer who 
does not combine special and experimental knowledge with what 
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Bftay learn from general sources, irill find hia aerrices tc be of 
J)Ut little viiliie in actual practice, 

I now come to note a matter in connection with draughting 
j to which the attention of learners is earnestly called, and wMch, 
if neglected, all elae will be useless. I allude to indigestion, 
and its resultant evUs. All sedentary ptirsiiits more or leas give 
rise to this trouble, but none of them so much as draughting. 
Ereiy condition to promote this derangement esista. When the 
atOBcles are at rest^ circulation ia slow, the mind is intensely 
occupied, robbing the stomach of its blood and vitality, and, worse 
ibaa all, the mechanical action of the stomach is nsoally arrested 
ty leaning over the edge of a board. It is regretted that no 
gUOd rule can be given to avoid this danger. Oue who unJer- 
Btonds the evil may in a degree avert it by applying some of 
Ibe lo^c which has been recommended in the study of me- 
Aanics. If anything tends to induce indigestion, its opposite 
tenda the other way, and may arreat it ; if stooping over a 
board interferes with the action of the digestive organs, leaning 
Wdc does the opposite ; it ia therefore best to have a desk as high, 
tn possible, stand when at work, and cultivate a constant habit 
^ atnughtening up and throwing the shoulders back, and if 
JtOBable, take brief intervals of vigorous exerciaa Like rating 
liui horse-power of a steam-engine, by multiplying the force 
tBto the velocity, the capacity of a man can be estimated by 
AHiltiplfing his mental acquirements into his vitality. 

Physical strength, bone and muscle, must be elements ] 
eacae^afnl engineering experience ; and if these things are m 
, acquired at the same time with a mechanical education, it will 
; be found, when ready to enter upon a course of practica, that a 
^ important element, the ''propelhng power," haa been omitted. 

[1.) What is tliB difference between geometric and artistic drawing? t 
—(K^Wliatia the moat important operation in making a good drawiugl— '. 
te.) Into what three cloaaea can working drawings be divided^ — ^(4.) ' 
EipliMn the difference betneen elevations and plana.— (B.) To what 
eilenl in general practice is the proportion of parts and their arrauge-- 
— * "n machines determined mathematic^j i 
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CHAPTER XXII. 

PA TTERN-MAKING AND CASTING. 

Patterns and castings are so intimately connected that it would 
be difficult to treat of them separately without continually 
confounding them together; it is therefore proposed to speak 
of pattern-making and moulding under one head. 

Every operation in a pattern-shop has reference to some 
operation in the foundry, and patterns considered separately 
from moulding operations would be incomprehensible to any but 
the skilled. Next to designing and draughting, pattem-makiiig 
is the most intellectual of what may be termed engineering 
processes — the department that must include an exercise of the 
greatest amount of personal judgment on the part of the work- 
man, and at the same time demands a high grade of hand 
skill. 

For other kinds of work there are drawings furnished, and 
the plans are dictated by the engineering department of machi- 
nery-building establishments, but pattern-makers make their 
own plans for constructing their work, and have even to repro- 
duce the drawings of the fitting-shop to work from. Nearly 
everything pertaining to patterns is left to be decided by the 
pattern-maker, who, from the same drawings, and through the 
exercise of his judgment alone, may make patterns that are 
durable and expensive, or temporary and cheap, as the probable 
extent of their use may determine. 

The expense of patterns should be divided among and charged 
to the machines for which the patterns are employed, but there 
can be no constant rules for assessing or dividing this cost. A 
pattern may be employed but once, or it may be used for years; 
it is continually liable to be superseded by changes and improve- 
ments that cannot be predicted beforehand; and in preparing 
patterns, the question continually arises of how much ought to 
be expended on them — a matter that should be determined 
between the engineer and the pattern-maker, but is generally 
left to the pattern-maker alone, for the reason that but few 
mechanical engineers understand pattern-making so well as to 
dictate plans of construction. 
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I point out BoniB of the leading points or conditions to 
taken into account in pattern-miiking, and which must 
stood in order to manage this departmeut, I will refer to tbem 
in consecutive order. 

First. — Durability, plans of construction and cost, which al! 
■mount to the eame thing. To determinB this point, there is to 
be considered the amount of use that the patterns are likely to 
Mrve, whether they are for standard or special machines, and 
the quality of the castings so far as affected by the patterns. 
A first-class pattern, framed to withstand moisture and rapping, 
may cost twice as much as another that has the same outline, ■ 
■jtA the cheaper pattern may answer almost as well to form a fenH 
noiil^ as an espensive one. fl 

Second.— 'iha manner of moulding and its expense, so far UH 
detennined by the patterns, which maybe parted so as to bjfl 
'rammed up' on fallow hoards or a level flour, or the patteniM 
may be solid, and have to he bedded, as it, is termed ; pieces otfl 
&a top may be made loose, or fastened on so as to 'cope offj'J 
patterns may be well finished so as to draw clean, or rough wfl 
that a mould may require a great deal of time to dress up aftaM 
A pattern is removed. V 

Third.- — The soundness of such parts as are to be plane^S 
bored, and turned in finishing; this is also a matter that is deter- 1 
mined mainly by how the patterns are arranged, by which is the -I 
top and which the bottom or drag side, the manner of drawr 4 
lug, and provisions for avoiding dirt and slag. 1 

Fourth. — Cores, where used, how vented, bow supported in 1 
the mould, and I will add how made, because cores that are of I 
AO inegulai form are often more expensive than external moulds, J 
inflluding the patterns. The expense of patterns is often greatly I 
lednced, but is sometimes increased, by the use of cores, which! 
maybe employed to cheapen patterns, add to their durabiHty,.j 
or to ensure sound castings. I 

Fifth. — Shrinkage ; the allowance that has to be made foTM 
tike contraction of castings in cooling, in other words, the diffeiv-l 
ence between the size of a pattern and the size of the casting. M 
IHiia is a simple matter apparently, which may be provided for ' 
in sowing a certain amount of shrinkage in all directioos, but 
when the inequalities of shrinkage both as to time and degree 
^■Kjaken into account, tbe allowance to bo made becomes a 
^HMbu of no little complication. 
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Sixth, — Inlierent, or cooling strains, that may either spring and 
warp castings, or weaken them by maintained tension in c^taia 
]>arts — a condition that often requires a disposition of the metal 
quite different from what working strains demand. 

Seventh, — Draught, the bevel or inclination on the sides of 
patterns to allow them to be withdrawn from the moulds without 
dra£rging or breaking the sand. 

Eighth. — Ripping plates, draw plates, and lifting irons for 
drawing the patterns out of the moulds ; fallow and xnateh 
boards, with other details that are peculiar to patterns, and 
have no counterparts, neither in names nor uses, outside the 
foundry. 

This makes a statement in brief of what comprehends a know- 
ledge of pattern-making, and what must be understood not only 
by pattern-makers, but also by mechanical engineers who under- 
take to design machinery or manage its construction success- 
fuUy. 

As to the manner of cutting out or planing up the lumber 
for patterns, and the manner of framing them together, it is use- 
less to devote space to the subject here ; one bourns practical 
observation in a pattern-shop, and another hour spent in examin- 
ing different kinds of patterns, is worth more to the apprentice 
than a whole volume written to explain how these last-named 
operations are performed. A pattern, unless finished with paint 
or opaque varnish, will show the manner in which the wood is 
disposed in framing the parts together. 

I will now proceed to review these conditions or principles in 
])attern -making and casting in a more detailed way, furnishing 
as far as possible reasons for different modes of constructing 
patterns, and the various plans of moulding and casting. 

In regard to the character or quality of wood patterns, they 
can be made, as already stated, at greater or less expense, and 
if necessary, capable of almost any degree of endurance. The 
writer has examined patterns which had been used more than two 
luindred times, and were apparently good for an equal amount 
of use. Such patterns are expensive in their first cost, but are 
the cheapest in the end, if they are to be employed for a large 
number of castings. Patterns for special pieces, or such as are 
ti) be used for a few times only, do not require to be strong nor 
expensive, yet with patterns, as with everything else pertaining 
to machinery, the safest plan is to err on the side of strengtL 
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pulleys, g?ar wlieels, or other standard parts of machinery 
are not likely to be modi6ed or changed, iron patterns 
aferable ; patterns for gear wheels and pulleys, when made 
id, aside from their liability to spring and warp, cannot be 
BuiBciently strong to withstand foundry use ; beaidea, the 
3t accuracy that can be attained, even by metal patterns, ia far 
prodneing true castings, especially for tooth wheels. The 
perfect patteroa are, the leas rapping ia required in draw- 
em ; and tlie iesa rapping done, the more perfect castings 

' moat perfect eastings for gear wheels and pnlleys and 
pieces which can be ao moulded, are made by drawing the 
ns through templates without rapping. These templates 
nply plates of metal perforated so that the pattern can be 

through them by screws or levers, leaving the sand intact, 
templates are expensive to begin with, bei:aiise uf the 
,te fitting that is required, especially around the teeth of 
i, and the mechanism that ia required in drawing the 
DB, but when a large number of pieces are to be made 
me pattern, auch ns gear wheels and pulleys, the saving of 
' will soon pay for the templates and machinery required, 

nothing of the saving of metal, which often amounts to 
r cent, and the increased value of the castings because of 
tccnracy. 

Bansome of Ipswich, England, where this system of 
ite moulding originated, has invented a process of fitting 
itea for gear wheels and other kinda of casting by pouring 
I white metal around to mould the fit inatead of cutting it 
;h the templatea ; thia efiecta a great saving in expense, 
lawera in many casea quite as well as the old plan. 

Bxpenae of forming pattern-moulds may be considered 
fided between the fonndry and pattern-shop. What a 
a - maker eaves a moulder may lose, and what a 
tt-maker spends a moulder may save ; in other words, 
18 a point beyond which saving expense ia patterns is 
ed by extra labour and waste in moulding — a fact that is 
moraJly realised because of inaccurate records of both 
1 and foundry work. What ia loat or aaved by judicious 
elesB management in the matter of patterns and mould- 
a, only be known to those who are well skilled in both 
hto^and pattern-making. A moulder may cut oU the 
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fillets in a mould with a trowel ; he may stop oS^ fill up, and 
print in, to save pattern- work, but it is only expedient to do so 
when it costs very much less than to prepare proper pattema, 
because patching and cutting in moulds seldom improves them. 

The reader may notice how everything pertaining to patterns 
and moulding resolves itself into a matter of judgment on the 
part of workmen, and how difficult it would be to apply general 
rules. 

The arrangement of patterns with reference to having certain 
parts of castings solid and clean is an important matter, yet one 
that is comparatively easy to understand. Supposing the iron 
in a mould to be in a melted state, and to contain, as it always 
must, loose sand and ' scruff,' and that the weight of the dirt is 
to melted iron as the weight of cork is to water, it is easy to 
see where this dirt would lodge, and where it would be found 
in the castings. The top of a mould or cope, as it is called, 
contains the dirt, while the bottom or drag side is generally 
clean and sound : the rule is to arrange patterns so that the 
surfaces to be finished will come on the bottom or drag side. 

Expedients to avoid dirt in such castings as are to be finished 
all over or on two sides are various. Careful moulding to 
avoid loose sand and washing is the first requisite; sinking 
heads, that rise above tl^p moulds, are commonly employed when 
castings are of a form which allows the dirt to collect at one 
point. Moulds for sinking heads are formed by moulders as a 
rule, but are sometimes provided for by the patterns. 

The quality of castings is governed by a great many things 
besides what have been named, such as the manner of gating or 
flowing the metal into the moulds, the temperature and quality 
of the iron, the temperature and character of the mould — things 
which any skilled foundryman will take pleasure in explaining 
in answer to courteous and proper questions. 

Cores are employed mainly for what may be termed the 
displacement of metal in moulds. There is no clear line of 
distinction between cores and moulds, as founding is now 
conducted ; cores may be of green sand, and made to surround 
the exterior of a piece, as well as to make perforations or to form 
recesses within it. The term ' core,' in its technical sense, means 
dried moulds, as distinguished from green sand. Wheels or 
other castings are said to be cast in cores when the moulds are 
made in pieces and dried. Supporting and venting cores, and 
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flieJr expuisioD, are conditions to whicli especial attention j 
eaUed. When a core is surrounded with hot metal, it gives oSfM 
because of moisture and the hurniug of the ' wush,' a I 
mnoniit of gas which must have free meaiu of e3cu[>e. In 
amuigement of cores, therefore, attentiun roust be had to s 
ffleaas o£ venting, wliich is generally attained by allowing theai 
. te project through the sides of the monld oud communicate wit^ 
'tiie air outside. 

I An apprentice may get a clear idea of this venting process bn^ 
uiapecting tubular core barrels, such as are employed in monldij 
ing pipes or hollow columns, or by examining ordinaiy c 
about a foundry. Provision of some kind to ' carry off the t» 
aa it is termed by moulders, will be found in every case. The | 
venting of moulds ia even more important than venting cores, 
because core vents oidy carry off gas generated within the core 
itself, while the gas from its esterior surface, and from the whole 
tnontd, has to find means of escaping rapidly from the £asks 
when the hot metal enters. 

A learner will no doubt wonder why sand is used for 
iing, instead of some more adhesive material like clay. If bd^ 
is not too fastidious for the experiment, and will apply a lump^ 
of damp moulding sand to his mouth and blow his breath 
through the mass, the query will be solved. If it were not for the 
porous nature of aand-moulda they would be blown to pieces as 
soon as the hot metal entered them ; not only because of the 
tuecbanical expansion of the gas, but often from explosion by 
oombostion. Qas jets from moulds, as may he seen at any time 
wben castings are poured, will take fire and burn the same as 
iUDininating gas, 

Jf it were not for securing vent for gas, moulds could be 
imde from plastic material so as to produce fiue castings with 
dear sharp outlines. 

The means of supporting cores must be devised, or at least 
nnderstoad, by pattern-makers ; these supports cousist of 'prints' 
Hid 'anchors.' Prints are extensions of the cores, which project 
tliroogh the casting and extend into the aides of the mould, to 
Im held by the sand or by the flask. The pruits of cores have 
duplicfltea on the patterns, called core prints, which are, or shovdd 
be, of a different colour from the patterns, so as to diatiuguish one 
from the other. The amount of surface required to support 
cores is dependent upon their weight, nr rather upon their cubic 
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contents, because the weight of a core is but a trifling matter 
compared to its floating force when surrounded by melt^ metal 
An apprentice in studying devices for supporting cores mmt 
remember that the main force required is to hold them down, 
and not to bear their weight. The floating force of a core is as 
the difference between its weight and that of a solid of metal of 
the same size — a matter moulders often forget to consider. It is 
often impossible, from the nature of castings, to have prints 
large enough to support the cores, and it is then eflected by 
anchors, pieces of iron that stand like braces between the cores 
and the flasks or pieces of iron imbedded in the sand to recei?e 
the strain of the anchors. 

In constructing patterns where it is optional whether to emplaj 
cores or not, and in preparing drawings for castings which may 
have either a ribbed or a cored section, it is nearly always best 
to employ cores. The usual estimate of the diflerence between 
the cost of moulding rib and cored sections, as well as of 
skeleton and cored patterns, is wrong. The expense of cores is 
often balanced by the advantage of having an ' open mould,' 
that is accessible for repairs or facing, and by the greater dura- 
bility and convenience of the solid patterns. Taking, for ex- 
ample, a column, or box frame for machinery, that might be made 
either with a rib or a cored section, it would at first thought seem 
that patterns for a cored casting would cost much more by 
reason of the core-boxes ; but it must be remembered that in 
most patterns labour is the principal expense, and what is lost in 
the extra lumber required for a core-box or in making a solid 
pattern is in many cases more than represented in the greater 
amount of labour required to construct a rib pattern. 

Cores expand when heated, and require an allowance in their 
dimensions the reverse from patterns ; this is especially the case 
when the cores are made upon iron frames. For cylindrical 
cores less than six inches diameter, or less than two feet long, 
expansion need not be taken into account by pattern-makers, 
but for large cores careful calculation is required. The expan- 
sion of cores is as the amount of heat imparted to them, and the 
amount of heat taken up is dependent upon the quantity of 
metal that may surround the core and its conducting power. 

Shrinkage, or the contraction of castings in cooling, is provided 
for by adding from one-tenth to one-eighth of an inch to each 
foot in the dimensions of patterns. This is a simple matter, and 
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a Mscomplislied by employing a shrink rule in laying down paU I 
tem-drawinga from tbe figured dimenaioiiB of the finished work ; I 
Muih mlea are about one-hundredth pntt longer than the standard I 
{Kile. I 

I Thii matter of shrinkage ia indeed the only condition in pat- I 
^m-making which is governed by auythiug nenr a constant ruje, J 
ffii even shrinkage requires Gometimes to be varied to euit I 
a^Kul casea. For small patterns whose dimensions do not exceed I 
^ foot iu any- direction, rapping will generally make up for I 
lUninfcBge, and no allowanee ia required in the patterns, but I 
fattem-niakers are so partial to the role of shrinkage, as the I 
"Bnfy constant one in their work, that they are averse to admitting I 
iBiMptions, and usually keep to tbe shrink rule for all pieces, | 
mazier large or small. 

[ Xnherent or cooling strains in castings is much more intricate 
4htl Bhriukage : it is, in fact, one of the most uncertain and 
mMmre matters that pattern-makers and moulders have to coii- 
^ndwith. Inherent strains may weaken castings, or cause tiiem 
'tb break while cooling, or sometimes even after they ^re finished; m 
ind in many kinds of works snch strains must be carefully guarded I 
'inbst, both in the preparation of designs and tbe arrangement I 
jnpattems, especially for wheels and pulleys with spokes, and for I 
^Unte or braces with both ends fixed. The main difficulty result- 1 
U$ from cooling strains, however, is that of castings being I 
Vuped and sprung; this liifflculty is continually present iu tlia I 
fnmdry and macHne-shop, and there is perhaps no problem | 
in tiie whole range of mechanical manipulation of which there I 
(Bsts more diversity of opinion and practice than of means to pre- I 
nn&ig the springing of castings. This being the case, an j 
^prentJce can hardly hope for much information here. There I 
it no doubt of springing and strains in castings being the resuU of i 
eonttant causes that might be fully understood if it were not for 
&it erer-changing conditions which exist in casting, both as to J 
Uwform of pieces, the temperature and quality of metal, mode I 
Bf cooling, and so on. I 

Oaatings are of course sprung by the action of unequal strains, 1 
iSstiied by one part cooling or ' setting ' sooner than another. | 
That far all is clear, but the next step takes us into the dark. 1 
^Riat are the various conditions which induce irregular cooling, I 
^■tor is it to be avoided 1 | 

^^^^Haiity of cooling may be the result of unequal conduct- I 
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ing power in diflferent parts of a mould or cores, or it may be J ci-^ 
from the varying dimensions of the castings, which contain heat 
as their thickness, and give it off in the same ratio. As i Je, l^e 
drag or bottom side of a casting cools first, especially if a 
mould rests on the ground, and there is not much sand bet^seea 
the castings and the earth ; this is a common cause of unequal 
cooling, especially in large flat pieces. Air being a bad conductor 
of heat, and the sand usually thin on the cope or top side, the 
result is that the top of moulds remain quite hot, while at the 
bottom the earth, being a good conductor, carries off the heat and 
cools that side first, so that the iron ' sets ' first on the botkHD, 
afterwards cooling and contracting on the top, so that castings aie 
warped and left with inherent strains. 

These are but a few of many influences which tend to irregular 
cooling, and are described with a view of giving a clue from which 
other causes may be traced out. The want of uniformity in sec- 
tions which tends to irregular cooling can often be avoided without 
much loss by a disposition of the metal with reference to cooling 
strains. This, so far as the extra metal required to give unifor- 
mity to or to balance the different sides of a casting, is a waste 
which engineers are sometimes loth to consent to, and often 
neglect in designs for moulded parts ; yet, as before said, the 
difficulty of irregular cooling can in a great degree be counteracted 
by a proper distribution of the metal, without wasting, if the 
matter is properly understood. No one is prepared to make 
designs for castings who has not studied the subject of cooling 
strains as thoroughly as possible, from practical examples as well 
as by theoretical deductions. 

Draught, or the taper required to allow patterns to be drawn 
readily, is another of those indefinite conditions in pattern-making 
that must be constantly decided by judgment and experience. It 
is not uncommon to find rules for the draught of patterns laid 
down in books, but it would be difficult to find such rules applied. 
The draught may be one-sixteenth of an inch to each foot of depth, 
or it may be one inch to a foot of depth, or there may be no 
draught whatever. Any rule, considered aside from specified 
conditions, will only confuse a learner. The only plan to under- 
stand the proper amount of draught for patterns is to study the 
matter in connection with patterns and foundry operations. 

Patterns that are deep, and for castings that require to be 
parallel or square when finished are made with the least possible 
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amotmt of drnugtit If a pattern is a plain form, tLat affords 
facilities for lifting or drawing, it may be drawn without taper if 
ita ii!.h IS. -xe smooth and well iiniahed. Pieces that are shfillow 
and moulded often should, as a matter of convenience, huve as 
in .jh taper as possible ; and as the quantity of draught can be as 
the depth of a pattern, we frequently see them made with a taper 
.that exceeds one inch to the foot of depth. 

Moulders generally rap patterns aa much as they will stand, 
•dlten more than they will ataud; and in providing for draught it is 
to take these customs into account. There is no use in 
^making provision to save rapping imless the rapping is to be 
itenitt^d. 

Happing plates, draw-irons, and other details of pattern-raaldng 
Ue soon understood by observation. Perhaps the most useful 
nggestion which can be given in reference to draw-irons ib to 
Mj they should be set on the under or bottom side of 
Mttems, instead of on the top, where they are generally placed. 
A draw-plate set in this way, with a hole bored through the 
Mttem so as to insert draw-irons from the top, cannot pull 
liS, which it is apt to do if set on the top side. Every pattern 
lio matter how small, should be ironed, unleBS it is some trifling 
l^^ece, with dowel-pins, draw and rapping plates. If a system 
of draw-irons is not rigidly carried out, moulders will not trouble 
tbemsdves to take care of patterns. 

In conclusion, I will say on the subject of patterns and cast- 
ings, that a leurner must depend maiidy upon what he can see and 
what is explained to him in the pattern-shop and foundry. He 
need never feur au uncivil answer to a proper question, applied 
«t the right time and place. Mechanics who have enoiigh kiiow- 
)edgs to give useful information of theii business, have invari- 
»Uy the courtesy and good sense to impart such information to 
tiicee who require it. 

An apprentice should never ask questions about simple and 
ohriouB matters, or about such things as he can easily lewn 
by hia own efforts. The more difSoult a question is, the more 
pleamre a skilled man will take in answering it In short, a 
leanier should carefully consider questions before asking them. 
A. good plan is to writo them down, and when information is 
wanted about casting, never go to a foundry to interrupt a 
sr or moulder at melting time, nor in the morning, when 
wants to be annoyed with questions. ,_ ^ , 
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W<?r7Rflnor j^roccM^n which are capable of being systematised are 
f }m> rnont/ ^ftfiy \a} Icam. When a process is reduced to a system 
if. in no Irrri^^r n Kiilgcct of 8[>ec]al knowledge, but comes within 
(T'^irTHJ nilrn fitirl principlcB, which enable a learner to ose his 
Mfmniiiriir pow'^rN to a greater extent in mastering it 

*\\\ tliJH propoftiti(m another may be added, that shop processes 
7nny Im fiynicinatincd or not, as they consist in duplication, or the 
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lance of certftin operatioaa repeatedly in the aamo mmner. 

1 shown in the case of pattema that there could be no 

aa to their quality or the mode of oonatructing them, 

t how to construct patterns is a matter of apecial know- 

md skill. 

e rules apply to forging, but in a different way from other 
Unlike pattern-making or casting, the general pro- 
1 forging are uniform ; and still more unlike pattem- 
>i casting, there is a measurable uniformity in the articles 
, at least in machine-forging, where bolts, screws, and 
e continually duplicated. 

'iarity of forging ia that it is a kind of hand process, 
6 judgment must continually direct the operations, one 
'ning the next, and while pieces forged may be dupli- 
s a lack of uniformity in the manner of producing 
taem. Pieces may be shaped at a white welding heat or at a low 
reheat, by one or two strong blows or by a dozen lighter blows, 
tiie whde being governed by the circumstances of the work as it 
progresses. A smith may not throughout a whole day repeat 
■o operation precisely in the same mamier, nor can he, at the 
b^^imiug of an operation, tell the length of time required to exe- 
cute it, not even the precise manner in which he will perform it, 
Soch conditions are x>eculiar, and apply to forging alone. 

I think proper to point out these peculiarities, not so much from 
imy importance they may Lave in themselves, but to suggest cri- 
ti<al investigation, and to dissipate any preconceived opinions of 
fbr^g being a simple matter, easy to leam, and involving only 
commonplace operations. 

The first impressions an apprentice forms of the smith-shop 
aa a department of an engineering establishment is that it is a 
black, sooty, dirty place, where a kind of rough unskilled labour is 
performed — a department which does not demand much attention. 
How far this estimate is wrong will appear in after years, when 
experience has demonstrated the intricacies and difRculties of 
foxing, and when be finds the skill in this department if more 
difficult to obtain, and costs more relatively than in any other. 
Foiging as a branch of work requires, in fact, the highest skill, 
and is one where the operation continually depends upon the 
judgment of the workman, which neither power nor machineacaii 
to any extent supplant Dirt, hard labour, and heat deter men 
from learning to forge, and create a preference Car the fin i jelling 
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shop, which in most places makes a disproportion between the 
number of smiths and finishers. 

Forging as a process in machine-making inclndes the forming 
and shaping of the malleable parts of machinery, welding or 
joining pieces together, the preparation of implements for forging 
and finishing, tempering of steel tools, and usually case-hardening. 

Considered as a process, forging may be said to relate to shaping 
malleable material by blows or compression when it is rendered 
soft by heating. So far as hand-tools and the ordinary hand 
operations in forging, there can be nothing said that will be of 
much use to a learner. In all countries, and for centuries past, 
hand implements for forging have remained quite the same; and 
one has only to visit any machine forging-shop to see samples 
and types of standard tools. There is no use in describing 
tongs, swages, anvils, punches, and chisels, when there is nothmg 
in their form nor use that may not be seen at a glance ; but tools 
and machines for the application of motive power in forging pro- 
cesses deserve more careful notice. 

Forging plant consists of rolling mills, trip-hammers, steam- 
hammers, drops, and punches, with furnaces, hearths, and 
blowing apparatus for heating. A general characteristic of all 
forging machines is that of a great force acting throughout a 
short distance. Very few machines, except the largest hammers, 
exceed a half-inch of working range, and in average operations 
not one-tenth of an inch. 

These conditions of short range and great force are best attained 
by what may be termed percussion, and by machines which act 
by blows instead of positive and gradual pressure; hence we find 
that hand and power hammers are the most common tools among 
those of the smith-shop. 

To exert a powerful force acting through but a short distance, 
percussive devices are much more effective and simple than those 
acting by maintained or direct pressure. A hammer-head may 
give a blow equal to many tons by its momentum, and absorb the 
reactive force which is equal to the blow ; but if an equal force 
was to be exerted by screws, levers, or hydraulic apparatus, we 
can easily see that an abutment would be required to withstand 
the reactive force, and that such an abutment would require a 
strength perhaps beyond what ingenuity could devise. 

This principle is somewhat obscure, and the nature of percussive 
forces not generally considered — a matter which may be illustra- 
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i hy considering the action of a 
people, in witnessing tbo use of a h 
sdves, ever thinlc of it as ait engine giving out tons of force, 
I 'concentrating and applying power by functions which, if perfonaed 
I liy other mechanism, wonld involve trains of gearing, levers, or 
screws ; and that such mechanism, if employed instead of ft 
I'lutmmer, must lack that important function of applying force in 
iiay direction as the will and hands may direct. A simple liand- 
Itaininer is in the abstract one of the most intricate of mechanical 
I agents — that is, its action is more difficult to analyse than that ol 
Vxaoy compies machines involving trains of mechaniBm ; yet our 
ftnuliarity with hammers causes this fact to be overlooked, and 
the hammer has even been denied a place among those mechanical 
contrivances to which there baa been applied the name of "mechn- 
uical powers." 

liet the reader compare a hammer with a wheel and asle, 
inclined plane, screw, or lever, as an agent for concentrating and 
^plying power, noting the principles of its action first, and then 
considering Hi universal use, and he will conclude that, if there 1 
ii a mechanical device that comprehends distinct principles, thatfl 
dsvice is the common hammer. It seems, indeed, to be one afm 
■ those provisions to meet a human necessity, and without vrhioh 3 
, mechanical industry could not be carried on. In the manipulation. 
o£ nearly every kind of material, the hammer is continually 
aecessary in order to esert a force beyond what the hands may 
do, unaided by mechanism to multiply their force. A carpen^c _ 
in driving a spike requires a force of from one to two tons ; ibM 
Uacksmith requires a force of from £ve pounds to five tons ti^| 
meet the requirements of his work ; a stonemason applies a foro^| 
of from one himdred to one thousand pounds in driving the edgdfl 
of lis tools; chipping, calking, in fact nearly all mechaniMlB 
operations, consist more or less in blows, such blows being thoj 
^tpUcation of accnmnlated force expended throughout a limitejl 
distance. I 

Considered as a mechanical agent, a hammer concentrates thai 
power of the arms, and applies it in a manner that meets the t&^M 
qiurements of various purposes. If great force is required, a long-a 
swing and slow blows accomplish tons ; if but little force iff-fl 
reqaired, a short swing and rapid blows will serve — the degree nt'M 
fcir^ being not only continually at control, but also the direction^ 
l^gUA it is applied. Other mechanism, if employed instead of , ' 
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hammers to perform a similar purpose, would require to be com- 
plicated machines, and act in but one direction or in one plane. 

These remarks upon hammers are not introduced here as a 
matter of curiosity, nor with any intention of following mechani- 
cal principles beyond where they will explain actual manipulatioD, 
but as a means of directing attention to percussive acting mar 
chines generally, with which forging processes, as before explained, 
have an intimate connection. 

Machines and tools operating by percussive action, althongh 
they comprise a numerous class, and are applied in nearly all 
mechanical operations, have never received that amount of atten- 
tion in text-books which the importance of the machines and 
their extensive use calls for. Such machiues have not even been 
set off as a class and treated of separately, although the distinc- 
tion is quite clear between machines with percussive action, and 
those with what may be termed direct action, both in the man- 
ner of operating and in the general plans of construction. There 
is, of course, no lack of formulae for determining the measure of 
force, and computing the dynamic effect of percussive machines 
acting against a measured or assumed resistance, and so on ; but 
this is not what is meant. There are certain conditions in the 
operation of machines, such as the strains which fall upon sup- 
porting frames, the effect produced upon malleable material 
when struck or pressed, and more especially of conditions which 
may render percussive or positive acting machines applicable to 
certain purposes ; but little explanation has been given which is 
of value to practical men. 

Machines and tools that operate by blows, such as hammers 
and drops, produce effect by the impact of a moving mass by 
force accumulated throughout a long range, and expending the 
sum of this accumulated force on an object. The reactive force 
not being communicated to nor resisted by the machine frames, 
is absorbed by the inertia of the mass which gave the blow ; the 
machinery required in such operations being only a weight, with 
means to guide or direct it, and mechanism for connection with 
motive power. A hand-hammer, for example, accumulates and 
applies the force of the arm, and performs all the functions of 
a train of mechanism, yet consists only of a block of metal and a 
handle to guide it. 

Machines with direct action, such as punches, shears, or rolls^ 
. require first a train of mechanism of some kind to reduce the 
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motian from the driviug power so as to attain force ; and secondly, 
this force must be balanced or resisted by strong framing, shafts, 
I and beatings. A pnnching-machine, fur example, must have 
I ' framiiig strong enongh to reaist a thrust equal to the force applied 
I' to the work; hence the frames of such machines are always a huge 
nuBS, disposed in the most advantageous way to meet and resist 
I tbia reactive force, while the main details of a, drop-machine 
capable of exerting an equal force consist only of a block a 
a pair of guides to direct its coarse. 

Leaving out problems of mechanism iu forging machines, thoJ 
adaptation of pressing ur percuHsive processes is governed mainln 
by the eize and consequent inertia of the pieces acted upon. 
order to produce a proper effect, thut ia, to start the particles c 
a piece throughout its whole depth at each blow, a certain j 
, ^rmtion between a hammer and the piece acted upon must I 
maintained. For heavy forging, this principle has led to the con- 
Btmction of enormous hammers for the performance of such work 
as no pressing machinery can be made strong enough to execute, 
ahhongh the action of such machinery in other respects would 
beet suit the conditions of the work. The greater share of forg- 
ing processes may be performed by either blows or compression, 
and no doubt the latter process is the best in must cases. 
M before explained, machinery to act by pressure is much n 
etnnplicated and expensive than hammers and drops. The ti 
doncy in practice is, however, to a more extensive employmen 
of presa-foTging processes. 

(1.) What ppcidjarity belongs to the operation of forging to diBtinguish 
it from most others} — (2.) Describe in a general way what forging 
tolerations consist in. — (3.) Same some moEhinea having porcusaive 
action. — (4.) What may this principle of operating have to do with 
tibe framing of a machine ? — (5.) If a Bteani-hanimer were employed as a 
mch ing-macbine, what changes woidd be required in its framing ?^ 
'n the functions performed by a hand-hammer. 
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CHAPTER XXIV. 

TRIP-HAMMERS. 

Trip-hammers employed in forging bear a close analogy to, and 
were no doubt first suggested by, hand-hammers. Being the 
oldest of power-forging machines, and extensively employed, it 
will be proper to notice trip-hammers before steam-hammers. 

As remarked in the case of other machines treated of, there is no 
use of describing the mechanism of trip-hammers ; it is presumed 
that every engineer apprentice has seen trip-hammers, or can do 
so; and the plan here is to deal especially with what he cannot see, 
and would not be likely to leani by casual observation. 

One of the peculiarities of trip-hammers as machines is the 
mechanical difficulties in connecting them with the driving power, 
especially in cases where there are a number of hammers to be 
driven from one shaft. 

The sudden and varied resistance to line shafts tends to 
loosen couplings, destroy gearing, and produce sudden strains 
that are unknown in other cases; and shafting arranged with the 
usual proportions for transmitting power will soon fail if applied 
to driving trip-hammers. Rigid connections or metal attach- 
ments are impracticable, and a slipping belt arranged so as to 
have the tension varied at will is the usual and almost the only 
successful means of transmitting power to hammers. The motion 
of trip-hammers is a curious problem ; a head and die weighing, 
together with the irons for attaching them, one hundred pounds, 
will, with a helve eight feet long, strike from two to three 
hundred blows a minute. This speed exceeds anything that 
could be attained by a direct reciprocal motion given to the ham- 
mer-head by a crank, and far exceeds any rate of speed that 
would be assumed from theoretical inference. The hammer- 
helve being of wood, is elastic, and acts like a vibrating spring, its 
vibrations keeping in unison with the speed of the tripping points. 
The whole machine, in fact, must be constructed upon a principle 
of elasticity throughout, and in this regard stands as an excep- 
tion to almost every other known machine. The framing for 
supporting the trunnions, which one without experience would 
suppose should be very rigid and solid, is found to answer best 
when composed of timber, and still better when this timber is 
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in tt maimer that allows tlie structure to spring and 
Starting at the dies, and following Lack through the 
of a trip-hammer to the drivicg power, the apprentice 
how many parts contribute to this principle of elasticity : 
-the wooden helve, both in front of and heiiind the truii- 
next — the trunnion bar, which is usually a flat section 
pivot points ; third — the elasticity of the framing 
led the ' Iiuek,' and finally the frlctional belt. This will con- 
Tcy an idea of the elasticity required in connecting the hammer- 
Lead with the driving power, a matter to be borne in mind, as it 
will be again referred to. 

Another peculiar feature in trip-hammers ia the rapidity with 
which cryatalliaation takes place in the attachments for holding 
the die blocks to the helves, where no elastic medium can be 
interposed to break the concussion of the dies. Bolts to pass 
through the helve, although made irom the most fibrous Swedish 
aon, will on some kinds of work not last for more than ten days' 
oae, and often break in a single day. The safest mode of attach- 
ing die blocks, and the one most common, is to forge them solid, 
with an eye or a band to surround the end of the helve. 

At the risk of laying down a proposition not warranted by 
sdence, I will mention, in connection with this matter of crystal- 
lisatioB, that metal when disposed in the form of a ring, for some 
strange reason seems to evade the influences which produce crystal- 
Jine change. A hand-hammer, for example, may he woru away 
sod remain fibrous; the links of chains and the tires of wag- 
gon wheels do not become crystaUised ; even the tires on locomo- 
uve wheels seem to withstand this inSuence, although the con- 
I ditions of their use are such as to promote crystallisation. 
' Among exceptions to the ordinary plans of constructing trip- 
hammers, may be mentioned those employed in the American 
Annoary at Springfield, TJ.S,, where small hammers with rigid 
fmnes and helves, the latter thirty inches long, forged from 
[ Lowmoor iron, are run at a speed of ' six hundred blows a 
! miDute.' As an example, however, they prove the necessity for 
elasticity, becnuse the helves and other parts have to he often re- 
newed, although the duty performed is very light, such as making 
oaall serews. 

1 What limits the speed at ivHch the reciprocating parts of 
I niny act 1 — (2.) What is the nature of rcciprucul motion pro- 



108 WORKSHOP MANIPULATION. 

duced by cranks? — (3.) Can reciprocating movement be uniform in such 
machines as power-hammers, saws, or pumps ? — (4.) What effect as to 
the rate of movement is produced by the elastic connections of a trip- 
hammer ? 



CHAPTER XXV. 

CRANK-HAMMERS, 

PoWER-HAMMEBS Operated by crank motion, adapted to the 
lighter kinds of v7ork, are now commonly met with in the foig- 
ing-shops of engineering establishments. They are usually of 
very simple construction, and I vnll mention only two points in 
regard to such hammers, which might be overlooked by an ap- 
prentice in examining them. 

The faces of the dies remain parallel, no matter how laige 
the piece may be that is operated upon, while with a trip- 
hammer, the top die moves in an arc described from the trun- 
nions of the helve, and the faces of the dies can only be parallel 
when in one position, or when operating on pieces of a certain 
depth. This feature of parallel movement with the dies of 
crank-hammers is of great importance on some kinds of work, 
and especially so for machine-forgings where the size or depth oif 
the work is continually being varied. 

A second point to be noticed in hammers of this class is tiie 
nature of the connection vnth the driving power. In all cases 
there vnll be found an equivalent for the elastic helve of tiie 
trip-hammer — either air cylinders, deflecting springs, or other 
yielding attachments, — interposed between the crank and the 
hammer-head, also a slipping frictional belt or frictional clutches 
for driving, as in the case of trip-hammers. 
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CHAPTER XXVI. 
STEAM-HAMMERS. 



Thb direct application of ateam to forging-bammers is without 
doubt the greatest improTement itat baa ever been made in forg- 
ing raachiDery ; not only has it Eimplified operations that were 
carried on before this inyention, but bas added many branches, 
and extended the art of forging to pnrpoaes which could never 
have been attained eicept for the eteain-harainer. 

The general principles of hammer-action, so iar as already 
explained, apply aa well to hammers operated by direct steam; 
and a learner, in forming n conception of eteam-hammers, must 
not fall into the common error of regarding them aa machines 
distinct from other hammers, or as operating upon new princi- 
pleB. A steam-hammer is nothing more than the common ham- 
mer driven by a new medium, a hammer receiving power through 
the agency of steam instead of belts, shafts, and cranks. The 
Bteam-hammer in ita most improved form is so perfectly adapted 
to fill the different conditions required in power-hammering, that 
there seems nothing left to be desired. 

Keepbg in view what has been said about an elastic connec- 
tion for transmitting motion and power to hammers, and cushion- 
ing the vibratory or reciprocating parts, it will be seen that 
steam as a driving medium for hammers fills the following con- 
ditions : — 

First. — The power ia connected to the hammer by means of 
the least possible mechanism, consisting only of a cylinder, a 
jriaton, and slide valve, induction pipe and throttle valve ; these 
few details taking the place of a steam-engine, shafts, belts, 
cranks, springs, pulleys, gearing, in short, all sncii details as are 
required between the hammer-head and the steam-boili 
case of trii)-hammera or crank-hammers. 

jSeflont/.— The steam establishes the greatest possible elasticity 
in the connection between a hammer and the driving power, and 
M the same time servos to cushion the blows at both the top 
- iUid bottom of the stroke, or on the top only, as occasion may 
require. 

Third. — Each blow giveu is an independent operation, and 
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cizi be r»Tes:di £t viZ. whili in other luunmen such chsnga 
C.&2 ozlj be iiisiie :iiro:i;^oai a series of blows bj gndnsUy in- 
creasinz cr o':i;:T:T^''':rg iheir force, 

F>vr:.h. — There is eo direc: connection between the movii^ 
p3ri> cf ihe Lisuzier and zhe framing, except lateral guides for 
the Lazisirr-heji'i : the sieim being interposed as a cushion m 
the line of icvdo!!, this rt*i:icea the required stavngth and 
weizhi of the timing to a znizumnm, and aroids positiye stniiii 
and con:rTi55i:n- 

Fij^h^ — ^The nzi^ and r*:»wer of the blows, as well as Ike 
tisie in which ther are delivere-i, is controlled at will; tiiB 
C3nstitutas the greatest distinction between steam and otivr 
hammerSy and the particular adTantage which has led to thor 
extended use. 

Si^h. — ^Power can be transmitted to steam-hammers throogjk 
a small pipe, which may be carried in any direction^ and for 
almost anT distance, at a moderate expense, so that hammeg 
mav be placed in such positions as will best accommodate Ihe 
work, and without reference to shafts or other machinery. 

Sfrenth. — There is no waste of power by slipping belts or 
other frictional contriTances to graduate motion; and finaDj, 
there is no machinery to be kept in motion when ike hammg is 
not at work« 

Keeping these Tarious points in mind, an apprentice will 
derive both pleasure and advantage from tracing their applicsr 
tion in steam-hammers, which may come under notice, and vad- 
ous modifications of the mechanism will only render investigatiim 
more Interesting. 

One thing more must be noticed, a matter of some intricacy, 
but without which, all that has been explained would faQ to 
give a pmper idea of steam-hammer-action. The valve motuHis 
are alluded to. 

Steam-hammers are divided into two classes— one having the 
valves moved by baud, and the other class with automatic valve 
movement. 

The action of steam-hammers may also be divided into what 
is termed elastic blows, and dead blows. 

In operating by elastic blows, the steam piston is cushioned 
at both the up and down stroke, and the action of a steam-ham- 
mer corresponds to that of a helve trip-hammer, the steam 
filling the office of a vibrating spring; in this case a hammer 
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giTCB a quick rebounding l>low, the momentum being only in pat 
spent upon the work, nnd partly arrested by cualiioninj 
Bteam in tlie bottom of the cylinder under tbe piston. 
I Aside from tlie greater rapidity with which a hammer may 
operate when working on this principle, there ia DOthing gained, 
Mid much lost -J and as this kind of action is iuperative in any 
bunmer that has a 'maintained oi positive coanection ' between 
its redprocating parts and the valve, it is perhaps fair I 
infer that one reason why most automatic hammers act ^ 
eUstic blows is either because of a want of knowledge as to a1 
proper valve arrangement, or the mechanical difficulties i 
tuging valve gear to produce dead blows. 

In working with dead blows, no steam ia admitted under tbe 
inston until the hammer has finished its down stroke, and ex- 
pended its momentum upon the work. So different is the eETect 
Iffodoced by these two plans of operating, that on most kinds 
lit work a hammer of fifty pounds, working with dead blows, will 
perform the same duty that one of a hundred pounds will, when 
teting by elastic or cushioned blows. 

This difference between dead and elastic strokes is so import- 
ant that it has served to keep hand-moved valves in use in many 
caaeawhere much could be gained by employing automatic acting 
hammers, 

Some makers of steam-hammers have so perfected the auto- 
matic class, that they may be instantly changed so as to work 
with either dead blows or elastic blows at pleasure, thereby com- '" 
bining all the advantages of both principles. Tiiis brings 
steam-bamoier where it is hard to imagine a want of farthoi 
improvement. 

The valve gearing of automatic steam-hammers to fill the t 
mnditions of allowing a dead or an elastic blow, furnishes o 
the most interesting examples of mechanical combination. 

It was stated that to give a dead or stamp stroke, the valvt 
jmist move and admit steam beneath the piston after the ham' 
mer has made a. blow and stopped on the work, and that i 
a movement of the valve could not be imparted by any m 
■ tuned connection between the hamraer-bead and valve. Thid 
firoblem ia met by connecting the drop or hammer-head with 
I mechaniaui which will, by reason of its momentum, con- 
'move after the iiainmer-head stops.' This mechaiiism 
Oeist of various devices. ^Icssrs AlOiSsey in England, aadj' 
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Messrs Ferris k Miles in America, employ a swinging wiper bar, 
which is by reason of its weight or inertia retarded, and does not 
follow the hammer-head closely on the down stroke, but swings 
into contact and opens the valve after the hammer has come to a 
full stop. 

By holding this wiper bar continuously in contact with the 
hammer-drop, elastic or rebounding blows are given, and by 
adding weight in certain positions to the wiper bar its motion is 
so retarded that a hammer will act as a stamp or drop. A Ger- 
man firm employs the concussion of the blow to disengage valve 
gear, so that it may fall and effect this after movement of the 
valves. Other engineers effect the same end by employing the 
momentum of the valve itself, having it connected t© the drop 
by a slotted or yielding connection, which allows an independent 
movement of the valve after the hammer stops. 

(1.) In comparing steam-hammers with trip or crank hammers what 
mechanism does steam supplant or represent ? — (2.) What can be called 
the chief distinction between steam ai. 1 other hammers ? — (3.) Under 
what circimistances is an automatic valve motion desirable ? — (4) Why 
is a dead or uncushioned blow most effective ? — (5.) Will a haunmer 
operate with air the same as with steam ? 



CHAPTER XXVII. 

COMPOUND HAMMERS. 

Another principle to be noticed in connection with hammers 
and forging processes is that of the inertia of the piece operated 
upon — a matter of no little importance in the heavier kinds of 
work. 

When a piece is placed on an anvil, and struck on the top side 
with a certain force, the bottom or anvil side of the piece 
does not receive an equal force. A share of the blow is absorbed 
by the inertia of the piece struck, and the effect on the bottom 
side is, theoretically, as the force of the blow, less the cushion- 
ing effect and the inertia of tie pieces acted upon. 
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on the top and bottom, or 
of iL piece, is much grenter 
^ would be supposed. Tbe yielding of the soft metal on t!ie 
Hp cushions the blow and protects the under side from the force. ] 
h$ effect produced by a bluw struck upon hot iron cannot be ] 
filiated by tbe force of the blow ; it requires, to use » technical | 
Ird, a certain'amount of force to "start" the iron, and a 
Ung less than this force has but little effect in moving tba I 
Wticles and changing the form of a piece. 
' From this it may be seen that there must occur a great losa 
Jwer in operating on large pieces, for whatever force is absorbed 
f inertia has no effect on the underside. By watching a 
oHh xtwag a hand hammer it will be seen that whenever a piece 
Iterated upon ia heavier than the hammer employed, but iittU if 
17 effect is produced on the anvil or bottom surface, uor is 
lis loss of effect the only one. The expense of heating, which 
merally exceeds that of shaping forgings, is directly as tha 
Bonat of shaping that may be done at each, heat ; and con- 
tinently, if the two sides of a piece, instead of one, can be 1 
[Dally acted upon, one-half the heating will be Eaved. I 

Another object gained by equal action on both sides of large I 
ieccB is the quahty of the forgings produced, which is generiilly 1 
aproved by the rapidity of the shaping processes, and injured I 
f too frequent heating. 

The loss of effect by the inertia of the pieces acted upon J 
icreases with the weight of the work ; not only the loss of 1 
nrer, but also the espense of heating increases with the size I 
f the pieces. There ia, however, such a difference in the 1 
iCchanical conditions between light and heavy forging that for I 
ly bat a heavy class of work there would be more lost thaa 1 
lined in attempting to operate on both sides of pieces at tha 

To attain a doable effect, and avoid the loss pointed out, Mr 
amsbottom designed what may be called compound hammers, 
miditing of two independent heads or rams moving in opposite 
irections, and acting simultaneously npon pieces held between 
lem. 

It would be inferred that the arrangeme t of these double acting I 
ikmmers muet necessarily be c npl cated and expensive, but the I 
mtrary ia the fact. Tlie nms are s mply two niasses of iron 1 
loimted on wheels that run on ways 1 Le 1 truck, and the im- I 
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pact of the hammers, so far as not absorbed in the work, ii 
neutralised by each other. No shock or jar is communicated to 
framing or foundations as in the case of single acting hammers thai 
Iiave fixed anvils. The same rule applies in the back stroke d 
the hammers as the links which move them are connected together 
at the centre, where the power is applied at right angles to the 
line of the hammer movement. The links connecting the two 
hammers constitute, in effect, a toggle joint, the steam pistoa 
being attached where they meet in the centre. 

The steam cylinder which moves the hammers is set m the 
earth at some depth below the plane upon which they move, 
and even when the heaviest work is done there is no per- 
ceptible jar when one is standing near the hammers, as there 
always is with those which have a vertical movement and are 
single acting. 

(1.) Why is the effect produced different on the top and hottom of a 
piece when stnick by a hammer? — (2.) Why does not a compound 
hammer create jar and concussion ? — (3.) What would be a mechanical 
difficulty in presenting the material to such hammers ? — (4.) Which is 
most important, speed or weight, in the effect produced on the under 
side of pieces, when struck by single acting hammers ? 



CHAPTER XXVIII. 

TEMPERING STEEL. 

Tempering may be called a mystery of the smith-shop; this 
operation has that attraction which characterises every process 
that is mysterious, especially such as are connected with, or belong 
to mechanical manipulation. A strange and perhaps fortunate 
habit of the mind is to be greatly interested in what is not well 
understood, and to disregard what is capable of plain demon- 
stration. 

An old smith who has stood at the forge for a score of year^ 
will take the same interest in tempering processes that a novice will. 
When a piece is to be tempered which is liable to spring or break, 
and the risk is great, he will enter upon it with the same zeal 
and interest that he would have done whon learning his trade. 
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me has teen able to explaia clearly wliy a sudden change 
lerttture hardens steel, iiur why it assumes various shades 
ir at different degrees of hardness ; we only know the fuct, 
it ateel fortunately haa such properties, 
y one who uses tools should understand how to temper 
'hether they he for iron or wood. Experiments with tem- 
oola is the only means of determining the proper degree 
aess, and as smiths, except with, their own tools, have to 
on the explanations of others as to proper hardening, it 
that tempering is generally a source of complaint, 
jering, as a term, is used to comprehend both hardening 
awing ; as a process it depends mainly upon judgment 

of skill, and has no such connection with forging as to 
ornied by smiths oidy. Tempering requires a different 
n those employed in forging, and also more care and pre- 
han blacksmiths can exercise, unless there are furnaces 
;hB especially arranged for tempering tools, 
fficulty 'which arises in hardening tools is hecnuse of the 
tion of the steel which takes place in proportion to the 
of temperature; and aa the time of cooling is in propor- 

the thickness or size of a piece, it follows, of course, 
ire is a great strain and a tendency to break the thinner 
sfore the thicker parts have time to cool ; this strain may 
Lce either from cooling one side first, or more rapidly than 

following propositions in regard to tempering, coropre- 

le main points to be observed : 

permanent contraction of steel in tempering is as the 

'if hardness imparted to it by the bath. 

time in which the contraction takes place is as the tem- 

e of the bath and the cross section of the piece; iit 

rnrda the heat passes off gradually from the surface to 

sections of steel tools being projections from the mass 
npporta the edges, are cooled first, and if provision is not 
D allow for contraction they are torn asunder, 
main point in hardening and the most that can be done 
i irregular contraction, is to apply the bath so that it 
,£[st and strongest on the thickest parts. If a piece is 
|^K,ui the form of a wedge, the thick end should enter 
^^Bt ; a cold chisel for instance thitt is wide enough to 
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endanger cracking should be put into the bath with the head f- '' 
downward. 

The upflow of currents of warmed water are a common cxm 
of irregular cooling and springing of steel tools in hardening; 
the water that is heated, rises vertically, and the least inclinatioii 
of a piece from a perpendicular position, allows a warm cnrraift 
to flow up one side. 

The most effectual means of securing a uniform effect fromi 
tempering bath is by violent agitation, either of the bath or the 
piece ; this also adds to the rapidity of cooling. 

The effect of tempering baths is as their conducting power; 
chemicals except as they may contribute to the condnctii^ 
properties of a bath, may safely be disregarded. For batte, 
cold or ice water loaded with salt for extreme hardness, and wwrm 
oil for tools that are thin and do not require to be very hard, we 
the two extremes outside of which nothing is required in ordi- 
nary practice. 

In the case of tools composed partly of iron and partly oC 
steel, steel laid as it is called, the tendency to crack in hardening 
may be avoided in most cases by hammering the steel edge at a 
low temperature until it is so expanded that when cooled in 
hardening it will only contract to a state of rest and correspond 
to the iron part ; the same result may be produced by curving 
a piece, giving convexity to the steel side before hardening. 

Tools should never be tempered by immersing their edges or 
cutting parts in the bath, and then allowing the heat to "run 
down " to attain a proper temper at the edge. I am well aware 
that this is attacking a general custom, but it is none the less 
wrong for that reason. Tools so hardened have a gradually 
diminishing temper from their point or edge, so that no part 
is properly tempered, and they require continual re-hardening, 
which spoils the steel ; besides, the extreme edge, the only part 
which is tempered to a proper shade, is usually spoiled by 
heating and must be ground away to begin with. No lathe- 
man who has once had a set of tools tempered throughout by 
slow drawing, either in an oven, or on a hot plate, will ever 
consent to point hardening afterwards. A plate of iron, two 
to two and one-half inches thick, placed over the top of a tool 
dressing fire, makes a convenient arrangement for tempering 
tools, besides adding greatly to the oonvenienoe of slow heating, 
tehich is almost as important '^^ ^nwing. The writer hai 
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If actual experiment determttied that the amount of tool dressing 
' and tempering, to say nuthiiig of time wasted in grinding tools, 

I may in ordinary machine fitting be reduced one-tliird by " oven. 
Jempering." 
^ to tbe shades thut appear lit drawing temper, or tempering; 
it is sometimes called, it is quite uaeleaa to repeat any of the old 
Tolea about " straw colour, violet, orange, blue," and bo on ; the 
[ leuiier kuowa as much after such instruction as before. The 
'. sbadea of temper must be seen to be learned, and as uo one is 
likely to have use for such knowledge before having opportunities 
L to see tempering performed, the following plan is suggested for 
1 learning the different shades. Procure eight pieces of cast 
steel about two inches long by one inch wide and three-eighths of 
EB inch thick, heat them to a high red heat and drop them into 
« Bait bath ; preserve one without tempering to show the white 
sbade of extreme hardness, and polish one side of each of the 
remaining seven pieces ; then give them to an experienced work- 
man to be drawn to seven varying shades of temper ranging 
irom. the white piece to the dark blue colour of soft steel. On 
Ae backs of these pieces labels can be pasted describing the 
'jMohnical names of the shades and the general uses to which tools 
M corresponding hardness are adapted. 

This will form an interesting collection of specimens and 
' icouBtoni the eye to the various tints, wliich after some experieuce 
kSl be instantly recognised when seen separately. 

It may be remarked aa a general rule that the hardness of 
lotting tools is " inverse as the hardness of the material to be 
<>cat," which seems anomalous, and no doubt is so, if nothing but 
the cutting properties of edges is considered ; but all cutting edges 
ata subjected to transverse strain, and the amount of this strain 
18 generally as the hardness of the material acted upou ; hence 
tliB degree <if temper has of necessity to be such as to guard 
agaioat breaking the edges Tools for cutting wood, for example, 
can be much harder than f u ti^ iroa or to state it better, 
tools for cutting wood are ha d han those usually employed 
lot cutting iron ; for if iron t ols e Ivsays iiscarefully formed 
and as carefully used as th so em^lojed m cutting wood, they 
could be equally hard. 

Foi^s, pneumatic mai,h y f bia t machinery for hand- 
ling lai'gu pieces, niid uther details connected with forging, are 
easily understood from examples. 
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(1.) What causes tools to bend or break in hardening ?— (2.) TOi 
means can be employed to prevent injury to tools in hardening 1-^) 
Can the shades of temper be produced on a piece of steel without 
hardening ? — (4.) What forms a limit of hardness for cutting tools !- 
(5.) What are the objects of steel-laying tools instead of making them of 
solid steel ? 
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CHAPTER XXIX. 

FITTING AND FINISHING. 

The fitting or finishing department of engineering'establiahments 
is generally regarded as the main one. 

Fitting processes, being the final ones in constructing machin- 
ery, are more nearly in connection with its use and application ; 
they consist in the organisation or bringing together the results 
of other processes carried on in the draughting room, pattern 
shop, foundry, and smith shop. 

To the unskilled, or to those who do not take a comprehen- 
sive view of an engineering business as a whole, the finishing 
and fitting department seems to constitute the whole of machine 
manufacture — an impression which a learner should guard against, 
because nothing but a true understanding of the importance and 
relations of the different divisions of an establishment can enable 
them to be thoroughly or easily learned. 

Finishing, therefore, it must be borne in mind, is but one 
among several processes, and that the fitting department is but 
one out of four or more among which attention is to be divided. 

Finishing as a process is a secondary and not always an 
essential one ; many parts of machinery are ready for use when 
forged or cast and do not require fitting ; yet a finishing shop 
must in many respects be considered the leading department 
of an engineering establishment. Plans, drawings and esti- 
mates are always based on finished work, and when the parts 
have accurate dimensions ; hence designs, drawings and estimates 
may be said to pass through the fitting shop and follow back to 
the foundry and smith shop, so that finishing, although the last 
process in the order of the work, is the first one after the draw- 
igs in every other sense ; even the dimensions in pattern-making 
t^^ich seems farthest removed from finishing, are based upon 
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fitting dimensions, iind to a great extent must ha iiiodified by 
the conditions of Snisliing. 

• In casting and forging operntions the material ia trsated wMIe 
Aa 1 heated and expanded condition ; the nature of these opera- 
VoDS U such that accurate dimeiiaious cannot be attained, eg that 
liotli forginga and caatinga require to be made enough larger than 
Ih^r finished dimensions to allow for Bhriuknge and irregularities. 
I^inishing as a process consists in cutting away this surplus mur 
htiaJ, and giving accurate dimensions to the parts of machinery 
when the material ia at its natural temperature. Finishing oper- 
Bions being performed as said upon material at its normal temper- 
ature penults handling, gauging and fitting together of the parts 
'Of machinery, and as nearly all other processes involve heating, 
jnishing may be called the cold processes of metal work. 
tht operations of a fitting shop consist almost entirely o£ 
eutting, and grinding or abrading ; a proposition that may seem 
aowl, yet these operations comprehend nearly all that is performed 
what is called fitting. 

Cutting processes may be divided into two classes : cylindrical 
^tting, as in turning, boring, and drilling, to produce circular 
ionne; and plane cutting, aa in planing, shaping, slotting and 
.shearing, tu produce plane or rectangular forms. Abrading or 
grinding processes may be applied to fonns of any kind. 

To classify further — cutting machines may he divided into those 
wherein the tools move and the material is fixed, and those 
wherein the material is moved and the tools fixed, and machines 
which involve a compound movement of both the tools and the 
mnterial acted upon. 

There is also a distinction between machine and hand cutting 
that may be noted. In machine cutting it is performed in true 
geometrical lines, the tools or material being moved by positive 
gaidea as in planing and turning ; in hand operations, such ss 
filing, scraping or chipping, the tools are moved witliout positive 
gatdance, and act in irregular lines. 

To attempt a generalisation of the operations of the fitting 
shop in this manner mity not seem a vt^ry practical means of 
nnderstanditig them, yet tlie application will be better understood 
M we go farther on. 

Catling tools include nearly all that are employed in finishing ; 
lathee, planing machines, drilling and boring machines, shaping, 
' lUing and milling machines, come withm thia da«s. The. 
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machines named make ap what are called standard tools, snch as 
are essential and are employed in all establishments where general 
machine manufacture is carried on. Such machines are constructed 
upon principles substantially the same in all countries, and haye 
settled into a tolerably uniform arrangement of movements and 
parts. 

Besides the machine tools named, there are special machines to 
be found in most works, machines directed to the performance 
of certain work ; by a particular adaptation such machines are 
rendered more effective, but they are by such adapation unfitted 
for general purposes. 

General engineering work cannot consist in the production of 
duplicate pieces, nor in operations performed constantly in the 
same manner as in ordinary manufacturing ; hence there has been 
much effort expended in adapting machines to general purposes 
— machines, which seldom avoid the objections of combination, 
pointed out in a previous chapter. 

The principal improvements and changes in machine fitting at 
the present time is in the application of special tools. A lathe, 
a planing machine, or drilling machine as a standard machine, 
must be adapted to a certain range of work, but it is evident 
that if such tools were specially arranged for either the largest 
or the smallest pieces that come within their capacity, more 
work could be performed in a given time and consequently at 
less expense. It is also evident that machine tools must be 
kept constantly at work in order to be profitable, and wh^n 
there are not sufficient pieces of one kind to occupy a machine, 
it must be employed on various kinds of work ; but whenever 
there are sufficient pieces of the same size upon which certain 
processes of a uniform character are to be performed, there is 
a gain by having machines constructed to conform as nearly 
as possible to the requirements of special work, and without 
reference to any other. 

It is now proposed to review the standard tools of a fitting 
shop, noticing the general principles of their construction and 
especially of their operation ; not by drawings nor descriptions 
to show what a lathe or a planing machine is, nor how some 
particular engineer has constructed such tools, but upon the 
plan explained in the introduction, presuming the reader to be 
familiar with the names and purposes of standard machine tools. 
If he has not learned this much, and does not understand the 
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ones and genera! objects of the several opemttoiis carried on 
1 fitting aliop, ha should proceed to acquaint himsuU tliu;^ 
a before troubling himself with books of uuy kind. 

■ (i.) Wby cannot the parts of machinerj be made to accorate dimeu- 

■^nia by forging or casting '! — (2.) What is the difference between hand 

Wand machine tool operation as to truth?— (3.) Why cannot hand- 

'( be employed in duplicating the parts of machinery ? — (4.) What 

;e difference bctiveen standard and special luacliiuc toolii 1 



CHAPTEE XXX. 

TURNING LATHES. 

K machinery the ruling form is cylindrical ; in structures other 
u machinery, those which do not involve motion, the ruling 
n ia rectangular. 

M&chiiie motion is maiulj rotary ; and aa rotary motion ia 
mplished by cylindrical parts such as shafts, beariiiga, pulleys 

d wheels, we lind that the greater share of machine tools are 
cted to prepuring cylindrical forms. If we note the area of 
Ij^ turned, bored and drUIed surface in ordinary machinery, and 
[compare with the amount of planed surface, we will find the 
HOnuer not less than as two to one ia the finer class of machinery, 
[kod as three to one in the coarser class ; from this may be esti- 
[BtOited approximately the proportion of tools required for ope- 
Inting on cylindrical surfaces and plane surfaces ; assuming the 
^euttiag tools to have the same capacity in the two cases, the 
^proportion will be as three to one. This difference between the 
[nunibeF of machines required fur cylindrical and plane Eurfucea 
ja farther increased, when we consider that tools act continually 
ktm cylindrical surfaces and intermittently on plane surfaces. 
\ In practice, the truth of this proposition is fully demonstrated 
llbf die excess in the number of lathes and boring tools compared 
l*itll those for planing. 

An engine lathe ia for many reasons called the master tool iu 
Itnschtue fitting. It ia not ordy the leading tool so far as per- 
I funning a greater share of the work ; but an eugine lathe as ark 
orj'aiiised machine combines, perhaps, a greater number of useful 



122 WORKSHOP MANIPULATION. 

and important functions, than any machine which has ever been 
devised. A lathe may be employed to turn, bore, drill, mill, or 
cut screws, and with a strong screw-feed may be employed to 
some extent for planing ; what is still more strange, notwith- 
standing these various functions, a lathe is comparatively a 
simple machine without complication or perishable parts, and 
requires no considerable change in adapting it to the various 
purposes named. 

For milling, drilling or boring ordinary work within its range, 
a lathe is by no means a makeshift tool, but performs these 
various operations with nearly all the advantages of machines 
adapted to each purpose. An ingenious workman who under- 
stands the adaptation of a modern engine lathe can make almost 
any kind of light machinery without other tools, except for 
planing, and may even perform planing when the surfaces are 
not too large ; in this way machinery can be made at an expense 
not much greater than if a full equipment of different tools is 
employed. This of course can only be when no division of labour 
is required, and when one man is to perform all the several 
processes of turning, drilling, and so on. 

The lathe as a tool for producing heliacal forms would occupy 
a prominent place among machine tools, if it were capable of per- 
forming no other work ; the number of parts of machinery which 
have screw-threads is astonishing ; clamping-bolts to hold parts 
together include a large share of the fitting on machinery of all 
kinds, while screws are the most common means for increasing 
power, changing movements and performing adjustments. 

A finisher's engine lathe consists essentially of a strong inflexi- 
ble shear or frame, a running spindle with from eight to sixteen 
changes of motion, a sliding head, or tail stock, and a sliding 
carriage to hold and move the tools. 

For a half century past no considerable change has been made 
in engine lathes, at least no new principle of operation has been 
added, but many improvements have been made in their adapta- 
tion and capacity for special kinds of work. Improvements have 
been made in the facilities for changing wheels in screw cutting 
and feeding, by frictional starting gear for the carriages, an 
independent feed movement for turning, arrangements to adjust 
tools, cross feeding and so on, adding something, no doubt, 
to the efficiency of lathes ; but the improvements njimed have 
been mainly directed to supplanting the skill of lathemen. 
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A proof of this last proposition ia found in tlie fact tliat 4 
' thorough Jiitheman will perform nearly lis much work aud do i1 
u well on ail old English lathe with plain screw feed, as e ' 
! })erfonned on the more complicated lathes of modern conatrucfS 
I tion ; but as economy of skill is sometimes an equal or greateiM 
fltiject than a saving of manual labour, estimates of tool capacitjrM 
should be made accordingly. The main points of a lathe, i 
U may most readily affect its performance, are first — truth iiiM 
tie bearings of the runniug spindle which coramtinicates a dupli*r 
cate of its sliape to pieces that are turned, — second, coincidence T 
|it)etween the line of the spindle and the movement of the carriage, 
|-~third, a cross feed of the tool at a true right angle to the spindle 
Und carriage movement, — fourth, durability of wearing surfaces, 
'•qwcially the spindle bearings and sliding ways. To these may 
\bt added many other points, such as the truth of feeding screws, 
'rigidity of frames, and bo on, but such requirements are obvious. 
I To avoid imperfection in the running spindleS of lathes, or 
■any lateral movement which might exist in the running bearings, 
'ttere have been many attempts to construct lathes with still 
tientres at both ends for the more accurate kiuds of work. Such 
■Wi arrangemeut would produce a true cyliudrica! rotation, but 
nuat at the same time involve mechanica! complication to 
■outweigh the object gained. It has besides been proved by prac- 
^tice that good fitting and good material for the bearings and 
l^iudles of lathes will insure all the accuracy which ordinary work 
demands. 

It may be noticed that the can'iages of some lathes move on 
vhat are termed V tracks which project above the top of lathe 
tallies, and that in other lathes the carriages slide on top of the 
blames with a flat bearing. As these two plans of mounting^ 
Il^e carriages have led to considerable discussion on the partV 
'of engineers, and as its consideration may suggest a plan offl 
'BnalysiDg other problems of a similar nature, I will notice some^ 
of the co[iditions existing in the two cases, calUng the differentV 
ttnuigements by the names of flat shears and track shears. 

These different plans will be considered first in reference to theT 
^ect produced npon the movement of carriages ; tliia includes 
friction, endurance of wear, rigidity of tools, convenience of 
,bperatiRg aud the cost of construction. The cuttingpoiut in both 
tUTniDg and boring on a slide lathe is at the side of apiece, or nearly 
level with tiie lathe centres, aud any movement of a carriage 
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on Koutally across the hithe affects the motion of the toolsad' 
the shape of tho piece acted upon, directly to the extent of 

'iiitiun, sii that parallel turuing and boring depend matnlj" 
upon ftvuidiiig ftoy cross movement or side pUy of a cam^a. 
This, ill both theory and practice, constitutes the greatest di^ 
eace between flat tup and track shears; the first is arranged 
especially to resist deviation iu a vertical plane, whieti is at 
aecondary importance, except in boring ivith a bar; the aecooj 
is arranged to resist horizontal deviation, which in nine-b 
of blie work done on lathes becomea an exact measure of thein^ 
accuracy of the work performed. 

A true movement of carriages is dependent upon the amauot 
or wearing power of their bearing surface, Low this snrfftM i» 
diaposed in reference to the atr;vin to be resisted, and the conffi- 
tious under which the sliding surfaces move ; that is, hovb^ 
in contact. The cutting strain which is to be mainly conBidoMlj 
falls usually at an angle of thirty to forty degrees dowavm 
toward the front, from the centre of the lathe. To resist a 
strain a flat top shear presents no surface at right angles to 
strain; the bearings are all oblique, and not only this, but lit 
horizontal strain falls on one side of the sliear only ; for ik'~ 
reason, flat top shears have to be made much heavier tb 
would be required if the sum of their cross section could be ei 
ployed to resist transverse strain. This difficulty can, howevw, 
be mainly obviated by numerous cross girta, which will be fi: 
in most Lathe frames having Hat tops. 

A carriage moving on angular ways always moves steadily and 
easily, without play in any direction until lifted from its bearing 
which rarely happens, and its lifting is easily opposed by adjuib 
able gibs. A carriage on a flat shear is apt to have pl&yiai 
horizontal direction because of the freedom which must exist W 
becute easy movement. In the case of tracks, it may also b 
mentioned that the weight of a carriage acts as a constant foN 
to hold it steady, while with a flat shear the weight of a catritg 
is in a, sense opposed to the ways, and has no useful effMti] 
steadying or guiding. The rigidity and steadiness of tool moti 
ineiit is notoriously in favour of triangular tracks, so much so til 
nearly all American machine tool-makers construct lathes in ^ 
manner, although it adds no inconsiderable coat in fitting. 

It may also be mentioned that lathes constructed with angul> 
guides, have usually such ways for the moving heads as 
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p(be carriages ; thia gives tlie advantage of firmly binding tlie 
" 58 of the frame together in fastening the mnving Lead, 
a effect becomes a strong girt across the frame ; the car- 
a also have an equal and independent hold on both sides of 
I a shear. In following this matter thus far, it may be seen how 

I iDBiiy conditions may have to be considered in reasoning about 

II HO ftpparently simple a, matter as the form of ways fur lathe car- 
s; we might even go ou to many more points that have not 

mentioned ; but what has been explained will serve to 

j show that the matter is not one of opinion alone, and that with- 

t practical advantages, machine tool-makers wilt not fullow the 

I nost expensive of these two modes of mounting lathe carriages. 

Lathes in common use for machine fitting are screw-cutting 

I tn^na lathes, lathes for turning only, double -geared, siugle- 

geftred, and back-geared lathes, lathes for boring, hand-lathes, 

|| and pulley- turning lathes ; also compound lathes with double 

! beads and two tool carriages. 
These various lathes, although of a widely varied constructioa 
^d adapted to uses more or less dissimilar, are still the engine 
l&the either with some of its functions omitted to simplify and 
adspt it to some special work, or with some of the operative parts 
compounded to attain greater capacity. 

In respect to lathe manipulation, which is perhaps the most 

difficult to learn of all shop operations, the following hints are 

given, which may prove of service to a learner: At the begin- 

, ning the form of tools should be carefully studied ; this is one of 

I the great points in lathe work ; the greatest distinction between 

R tliOTOUgh and indifferent latheman is that one knows the 

proper form and temper of tools and the other does not. The 

I adjustment and presenting of tools is soon learned by experience, 

mt the proper form of tools is a matter of greater difficulty, 

, One of the first things to study is the shape of cutting edges, both 

' OS to clearance below the edge of the tool, and the angle of the 

I adge, with reference to both turning and boring, because the 

' latter ia different from turning. The angle of lathe tools is 

clearly suggested by diagrams, and there is no better first lesson 

I in drawing than to construct diagrams of cutting angles for 

plane and cylindrical surfaces. 

A set of lathe tools should consist of all that are required 
T variety of work performed, so that no time wiU be 
' waiting to prepare tools after they are wanted. An 
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^^^M ordinary engine lathe, operating on cnmmon work not escecdini 

^^^H twotitf inches of diameter, will require from tn-eiity-five to thirtii 

^^^H five tools, which will nerve for every piirpose if they are kept u 

^^^H order and in place. A workman may get along with tea to<Ji Bt 

^^^B even less, but nut to his own satisfactinn, nor in a s[ieedy wa; 

^^^1 EiLch tool should be properly tempered and ground, ready fei 

^^^H use ' when put away ; ' if a tool is broken, it should at once bi 

^^^H repaired, no matter when it is likely to be again used. A woifc 

^^^H man who has pride in his tools will always be supplied with ai 

^^^H many as be requires, because it takes no cumputatio 

^^^H that fifty pounds of extra cast stee! tools, as an investment, is 

^^^H It small matter compared to the gain in manipulation by baTing^ 

^^^H them at hand. 

^^^H To an experienced mechanic a single glance at the tools on • 

^^^H lathe is a su^cient clue to the skill of the operator. If the ' 

^^^H are ground ready to use, of the proper shape, and placed in ord« 

^^^V so as to be reached without delay, the latheman may at ouce b 

I^^M down as having two of the main qnalifications of a " 

" workman, which are order, and a knowledge of tools ; while 01 
the contrary, a lathe board piled full of old waste, clamp bolo, 

11 and broken tools, shows a. want of that system and order, withool 

L^^H which no amount of band skill can make an efficient workmao, ; 
^^^B It is also necessary to learn as soon as possible the technics 

^^^H ities pertaining to lathe work, and still more important to li 

^^^H the conventional modes of performing various operation 

^^^H Although latha work includes a large range of operations wMsI 

^^^H are continually varied, yet there are certain plans of perfonnini 

^^^H each that has by long custom become conventional ; to gain ai 

^^^M acquaintance with these nzi apprentice should watch the praetio 

^^^H of the best workmen, and follow their plans as near 

^^^H not risking any innovation or change until it has been \erj 

^^^H carefully considered. Any attempt to introduce new □ 

^^^H modes of chucking work, setting and grinding tools, or otha o 

^^^H the ordinary operations in turning, may not only lead to awki 

^^^H mistakes, but will at once put a stop to useful information ti 

^^^H might otherwise be gained from others. The technical tsr 

^^^H employed in describing lathe work are soon learned, gener^y 

^^^^K sooner than they are needed, and are often mis.ipplied, which u 

^^^^B worse than to be ignorant of them. 
^^^^1 In cutting screws it is best not to refer to that i 

^^^H yenience called a wheel list, usually stamped on some part ef 
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Igine lathes to aid in Belecting wheels. A ecrew to be cut is to 

8 lead screw tin a. lathe aii the wheel on the screw ia to the 
flee] on the spindle, and every workman ahould be familiar witii 
matter aa computing wheels for screw cutting, when 
. une train of wheels. Wheeh for screw cutting may 
iputed not only quite aa soon as read from an index, but 
advantage of being familiar with wheel changes is very 

iportant ia other cases, and frequently sucb combinations have 

be made when there is not an index at haud. 

The following are suggested as aubjecta whiuk may be studied 

connection with lathea and turning : the rate of cutting move- 
roii, steel, and brass ; the relative speed of the belt 
I, whether the changes are by a true ascending scale from 
,&e slowest ; the rate of feed at different changes estimated like 
tiie threads of a screw at so many cuts per inch ; the proportions 
of cone or step pulleys to insure a uniform belt teusioa, the 
4ll80ry of the following rest as employed in turning flexible 
pieces, the difference between having three or four bearing 
ipointa for centre or following rests ; the beat means of testing 
the truth of a lathe. All these matters and mauy more are 
'inbjects not only of interest but of use in learning lathe 
fflanipulfttion, and tbeir study will lead to a logical method of 
dealing with problems which will continually arise. 

The use of hand tools should be learned by employing theiii 
-on every possible occasion. A great many of the modern im- 
provements in engine latliea are only to evade hand tonl work, 
sod in many cases efi'ect no saving except in skill A latbemaii 
wto ia skilful with hand tools will, on many hinds of light work, 
perform mure and do it better ou a hand lathe than an engine 
Utbe; there is always more or lesa that can be performed 
to advantage with hand tools even on the most elaborate engine 
lathes. 

It ia no uncommon thing for a skilled latheman to lock the 
slide rest, nnd resort to baud toola on many kiiiJs of work when 
lie is in ft hurry. 

fl.) Why does maebiuery involve so many cjIijidriciU forms ?— (2.) 
Kiiy is it desirable to have eeparate feed -^eixT for tiiniiiig and 
tcrew cutting? — (3.) Whai is gained by the fractional starting gearing 
WW eppUed to the finer class of lathes ! — (4.) How maj the aiignmi ' 
If ft latUe be tested ?— (5.) What kind of deviation witli a ' ' 
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hole be bored on a common slide lathe ? — (7.) How can the ango 
ways of a lathe and the corresponding grooves in a carriage be planed 
fit withont employing gaoges f— (8.) Give the number of teeth in t 
wheels to cut a screw of ten threads, when a leading screw is four thie 
per inch? 



CHAPTER XXXL 

PLANING OR RECIPROCATING MACHINES, 

The term planing should properly be applied only to machi 
that produce planes or flat surfaces, but the technical use of 
term includes all cutting performed in right lines, or by w 
may be called a straight movement of tools. 

As no motion except rotary can be continuous, and as rot 
movement of tools is almost exclusively confined to shap 
cylindrical pieces, a proper distinction between machine t( 
which operate in straight lines, and those which operate ti 
circular movement, will be to call them by the names of rot 
and reciprocating. 

It may be noticed that all machines, except milling machii 
which act in straight lines and produce plane surfaces h 
reciprocating movement ; the class includes planing, slotting i 
shaping machines ; these, with lathes, constitute nearly the wl 
equipment of an ordinary fitting shop. 

It is strange, considering the simplicity of construction 
the very important office filled by machines for cutting on pi 
surfaces, that they were not sooner invented and applied in m 
work. Many men yet working at finishing, can remember w 
all flat surfaces were chipped and filed, and that long after en| 
lathes had reached a state of efficiency and were gener; 
employed, planing machines were not known. This is no do 
to be accounted for in the fact that reciprocal movement, exc 
that produced by cranks or eccentrics, was unknown or regar 
as impracticable for useful purposes until late years, and w 
finally applied it was thought impracticable to have such mc 
ments operate automatically. This may seem quite absurd 
even an apprentice of the present time, yet such reciprocal 
movement, as a mechanical problem, is by no means so sine 
as it may at first appear. 
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& planing machine platen, for instance, moves at a anlform 
» of speed each waj, and hv it^ own motiou shifts or reverseii 
k driving power at each estreme of the struke. Presuuiug 
ht there were uo esamplea to be eiamined, an apprentice 
nild find manj easier problems to explain than how a planing 
idune can shift its own belts. If a platen or table disengages 
e power that is moving it, the platen stops ; if the momentum 
nies it enough farther to engage or connect other mechanism 
drive the platen in the opposite direction, the moment such 
schanisui conies into gear the platen most stop, and no move- ' 
mt can take place to completely engage clutches or shift belts. 
UK is a curious problem that will be referred to again. 
Reciprocating tools are divided into those wherein the cutting 
ivement is given to the tools, as in shaping and slotting 
kchines, and machines wherein the cutting movement is given 
the material to be planed, aa ip a common planing machine, 1 
1^ strangely we find in general practice that machine toob I 
j-. both the heaviest and the lightest class of work, such as 1 
ipii^, and butting, operate upon the tirst principle, while pieces 
'tk medium size are generally planed by being moved in cou- 
rt with statiunary tools. 

^lis problem of whether to move the material or to move the 
ds in planing, ia an old one j both opinion and practice 
ty to some extent, yet practice is fast settling down into cou- 
Jit rales. 

Judged upon theoretical grounds, and leaving out the 
«hamcal conditions of operation, it would at once be cou- 
ied that a proper plan would be to move the lightest body ; ] 
U is, if the tools and their attachments wore heavier than the 
Uerial to be acted upon, then the material should be moved 
t the cutting action, and vice versa. But in practice there are 
)itx conditions to be considered more important than a. 
fstion of the relative weight of reciprocating parts ; and it 
list be remembered that in solving any problem pertaining to . 
ichine action, the conditions of operation are to be con- I 
lered first and have precedence over problems of strain, ] 
mngement, or even the general principles of construction ; that 
the conditions of operating must form a base from which | 
OportioDs, arrangements, and so on, must be deduced. A stan- j 
lid planing machine, such as is employed for most Mnda of I 
Mi, is arranged with a rumiiug pliiten or carriage upon which 
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the material is fastened and traversed beneath the cutting took 
The unifornuty of arrangement and design in machines of this 
kind in all countries wherever they are made, must lead to the 
conclusion that there are substantial reasons for employing 
running platens instead of giving a cutting movement to the 
tools. 

A planing machine with a running platen, occupies nearly 
twice as much floor space, and requires a frame at least one- 
third longer than if the platen were fixed and the tools performed 
the cutting movement. The weight which has to be traversed, 
including the carriage, will in nearly all cases exceed what it 
would be with a tool movement ; so that there must exist some 
very strong reasons in favour of a moving platen, which I will 
now attempt to explain, or at least point out some of the moie 
prominent causes which have led to the common arrangement of 
planing machines. 

Strains caused by cutting action, in planing or other 
machines, fall within and are resisted by the framing; even 
when the tools are supported by one frame and the material by 
another, such frames have to be connected by means of foondir 
tions which become a constituent part of the framing in such 
cases. 

Direct action and reaction are equal ; if a force is exerted in 
any direction there must be an equal force acting in the opposite 
direction ; a machine must absorb its own strains. 

Keeping this in view, and referring to an ordinary planing 
machine with which the reader is presumed to be familiar, the 
focal point of the cutting strain is at the edge of the tools, and 
radiates from this point as from a centre to the various parts of 
the machine frame, and through the joints fixed and movable 
between the tools and the frame ; to follow back from this cutting 
point through the mechanism to the frame proper; first starting 
with tbe tool and its supports and going to the main frame; 
then starting from the material to be planed, and following back 
in the other direction, until we reach the point where tbe 
strains are absorbed by the main frame, examining the joints 
which intervene in the two cases, there will appear some reasons 
for running carriages. 

Beginning at the tool there is, first, a clamped joint between 
the tool and the swing block ; second, a movable pivoted joint 
between the block and shoe piece ; third, a clamped joint between 
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loe piece and the front saddle ; fourth, a raoving joint 
the front saddle is gibed to the swing or qnadrant plute ; 
fifth, a clsmp joint between tliQ quadrant plate and the main 
y»dd1e ; sixth, a moving joint between the main saddle and the 
eross head ; seventh, a damp joint between the cruaa head and 
Standards ; and eighth, bolted joints between tlia standards and 
'{be main frame ; making in all eight distinct joints between the 
|D(d and the frame proper, three moving, four clamped, and one 
[bolted joint. 

Starting again from the cutting point, and going the other 
l^troy from, the tonl to the frame, there is, first, a clamped and 
l^itefed joint between the material and platen, next, a rnuning 
hjoint between the platen and frame ; this is all ; one joint that 
raa firm beyond any chance of movement, and u moving joint 
tiwt is not held by adjustable gibs, but by gravity; a force 
irbioh acts equally at all times, and is the most reliable means 
[lif maintaining a steady contact between moving parts. 
I Keriewing these mechanical conditions, we may at once see 
«Iifficient reasons for the platen movement of planing machines ; 
tfiA that it would be objectionable, if not impossible, to add a 
14»aver8ing or cutting action to tools already supported through 
iriiemedium of eight joints. To traverse for cutting would require 
ft moving gib joint in place of the bolted one, between the 
ifondards and main frame, leading to a complication of joints 
Bod movements quite impracticable. 

I^ese are, however, not tte only reasons which have led to a 
'tunning platen for planing machines, although they are the most 
jmpoTt&at 

If a cutting movement were performed by the tool supports, it 
wnild necessarily follow that the larger a piece to be planed, 
ADd the greater the distance from the platen to the cutting point, 
the farther a tool must be from its supports ; a reversal of the 
IKmditions required ; because the heavier the work the greater 
Ae entting strain will be, and the tool supports less able to 
withstand the strains to be resisted. 

It may be assumed that the same conditions apply to the 
Btandards of a common planing machine, but the case is dif- 
fnent j the upright framing is easily made strong enough by 
■eaaing its depth ; but the strain upon running joints is as 
distance from them at which a force is applied, or to employ 
llcal phrase, as the amount of overhang. With a moving 
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platen the larger nnd heavier a piece to be pluneiJ, the more finnl^fl 
a platen is held down ; and iib the cross stiction of pieces asuallf I 
increases with their depth, the rcsuU is that a pinning machinal 
properly constructed wiil act nearly aa well on thick as thia^ 
pieces. 

The liftiiig strain at the front end of a platen is of course in- 1 
creased as the height at which the cutting is done above its top, 1 
but this has not in practice been found a difficulty of any im- 
portance, and baa not even required extra length or weight of 
platens beyond what is demanded to receive pieces to be pinned 
and to resist iiexion in fasteniug heavy work. The reversing 
movement of planing machine platens already alluded to is ob& 
of the most complei problems in machine tool movement. 

Platens as a rule mn back at twice the forward or cutting- | 
movement, and as the motion is uniform throughout eut 
stroke, it requires to be stopped at the extremes by meelda{ 
some elastic or yielding resistance which, to use a steam phru^ 
" cushions '' or absorbs the momentum, and starts the plat«i bid 
for the return stroke. 

This object is attained in planing machines by the friction fA, 
the belts, which not only cushions the platen like a spring, t 
in being shifted opposes a gradually increasing resistance mitS 
the momentum is overcome and the motion reversed. Bj 
multiplying the movement of the platen with levers 
mechanism, and by reason of the movement that is attained b; 
momentum after the driving power ceases to act, it is foa 
practicable to have a platen 'shift its own belts,' a result ^ 
would never have been reached by theoretical deductions, and Mf 
no doubt discovered by experiment, like the automatic raovemettt 
of engine valves is said to have been. 

It is not intended to claim that this platen -reversing motioti 
cannot, like any other mechanical movement, be resolved mathft. 
matically, but that the mechanical conditions are so obscure mi 
the invention made at a time that warrants the Bupposition i 
accidental discovery. 

In the driving gearing of planing machines, conditions wWd^^ 
favour the reversing movement are high speed and autcd 
driving belts. The time in which belts may be shifted ia H 
their speed and width; to be shifted a belt must be deflected a 
bent edgewise, and from this cause wind spirally in order b 
jta^ hvw one pulley to another. To bend or deflect a belt e 
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Uiere will he reqnired a force in praportiouto its width, ftud 
I tlie time uf pasaiug frum otie pulley to aautlier is as the number 
of revolutions miide by the puOeya. 

I Planing machines of the most improved constructioa nre driven 
i.'Ilif two belts instead of one, and many mechanical expedients 
\)iky6 been adopted to move the belts differentially, so that both 
>vldU)uld not be on the driving pnlley at the same time, but 
l;iBOve one hefore the other in alternate order. This is easily 
' attained by simply arranging tlie two belts with the dbtance 
, between them equal to one and one-half or one and three-fourth 
tunes the width of the driving pulley. The effect is the anme as 
tbst accomplished by differential shifting gearing, with the ad- 
■TWitftga of permitting an adjustment of the relative movement uf 
' .til* belts. 

AnoUier principle in planing machines which deserves notice.— 
Ib the manner of driving carriages or platens ; this is osi 
I l»erformed by means ofspur wheels and a rack. A ract a 
' ment is smooth enough, and effective enough bo far aa a mechani 
I cnl connection between the driving gearing and a phit 
there is a diSicnIty met with from the torsion and ehisttcity of 
COJas^hafts and a train of reducing gearing. In all other 
BUtchines for metal cutting, it has been a studied object to have 
! tlte Bopporta for both the tools and the material as rigid aa 
, IXMsible ; but in the common type of planing machines, such as 
laire rack and pinion movement, there is a controversion of this 
|)rinciple, inasmuch as a train of wheels and several cross-shafts 
I constitute a very effective spring between the driving power and 
(he point of cutting, a matter that is easily proved by planing 
acioae the teeth of a rack, or the threads of a scre^. on a machine 
ananged with spur wheels and the ordinary reducing gearing. 
It is true the inertia of a platen is interposed and in a measure 
iiTercoines this elasticity, but in no degree that amounts to a 



A planing machine invented by Mr Eodmer in 1841, and 
once improved by Mr William Sellers of Philadelphia, is free 
Scom this elastic action of the platen, which is moved by a tangent 
vkefd or screw pinion. In Bodmer'a machine the shaft carrying 
tile ptuiou was parallel to the platen, but in Sellers' machine is set 
fill a shaft with its axis diagonal to the line of the platen move- 
iHtnt, BO that the teeth or threads of the pirnon act partly by a 
' tenw motion, and partly by a progressive forward owvevae.^*. 
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like the teeth of wheels. The rack on the platen of Mr Sellers^ 
machine is arranged with its teeth at a proper angle to balance 
the friction arising from the rubbing action of the pinion, which 
angle has been demonstrated as correct at 5^, the ordinary co- 
efficient of friction ; as the pinion-shaft is strongly supported 
at each side of the pinion, and the thrust of the cutting force 
falls mainly in the line of the pinion shaft, there is but little if 
any elasticity, so that the motion is positive and smooth. 

The gearing of these machines is alluded to here mainly for 
the purpose of calling attention to what constitutes a new and 
singular mechanical movement, one that will furnish a most 
interesting study, and deserves a more extended application in 
producing slow reciprocating motion. 

(1.) Can the driving power be employed directly to shift the belts of a 
planing machine ? — (2.) Why are planing machines generally con- 
structed with a running carriage instead of running tools 1 — (3.) What 
objection exists in employing a train of spur wheels to drive a planing 
machine carriage ] — (4.) What is gained by shifting the belts of a plan- 
ing machine differentially ? — (5.) What produces the screeching of belts 
so common with planing machines ? — (6.) What conditions favour the 
shifting of planing machine belts ? 



CHAPTER XXXIL 

SL TTING MA CHINES. 

Slotting machines with vertical cutting movement differ from 
planing machines in several respects, to which attention may be 
directed. In slotting, the tools are in most cases held rigidly 
and do not swing from a pivot as in planing machines. The 
tools are held rigidly for two reasons; because the force of 
gravity cannot be employed to hold them in position at starting, 
and because the thrust or strain of cutting falls parallel, and not 
transverse to the tools as in planing. Another difference 
between slotting and planing is that the cutting movement is 
performed by the tools and not by movement of the material. 
The cutting strains are also different, fiEilling at right angles to 
the face of the table, in the same direction as the force of gravity. 
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mot piirallel to tke face of the table, aa in plimtug aud 
Ibg macliiiiea. 

■ I feed motion in slottiug machines, because of tlie tools 

fe held rigidly, has to operate differently from that of planing 

HoeB. The cross-feed of a planing machine may act during 

Mum stroke, but io Blotting machines, the feed movement 

'i take place at the end of the np-stroke, or after the tooU 

lear of the material ; so much of the stroke as ia made 

Dig the feeding action ia therefore lost; and because of this, 

1 for operating the feed usually has a quick abrupt 

n 80 aa to save useless movement of the cutter bar. 

1 relation between the feeding and cutting motion of 

}cating machines is not generally considered, and forma aa 

Bating problem for investigation. 

1 Name some of the differences between planing and slotting 
ie& — (S.) Why should the feed motion of a slotting machine act 
^ 1 — (3.) Tu nbat doss uf work are dotting machines especially 
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SHAPING MACHINES. 

machines as machine tools occujiy a middle place 

jen planing and slotting machines j tlieir movementB cor- 

i more to those of slotting machines, while the operation 

p tools is the same Bd in planing. Some of the advantages 

r planing macbiues for certain kinds of work are, 

I of the greater facilities afforded for presenting and 

g small pieces, or those of irregular shape; the supports or 

|. having both vertical and horizontal faces to which pieces 

f be fastened, and the convenience of the mechanism fur 

iug and feeding tools. 

J machines are generally provided with adjustable 

LdCvices for planing circular forms, and other details whicli 

"; be BO conveniently employed with planing macliines. 

r feature of shaping machines is a positive range of thi 

g Btroke produced by crank motion, which permita took 



J 
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be stopped i^ith precision at any point ; this admits of planing 
slots, keyways, and such work as cannot well be performed upon 
common planing machines. 

Shaping machines are divided into two classes, one modifica- 
tion with a lateral feed of the tools and cutter bar, technically 
called " travelling head machines," the other class with a feed 
motion of the table which supports the work, called table-feeding 
machines. The first modification is adapted for long pieces to 
be planed transversely, such as toothed racks, connecting rods, 
and similar work ; the second class to shorter pieces where mudi 
hand adjustment is required. 

An interesting study in connection with modem shaping 
machines is the principle of various devices called * quick return' 
movements. Such devices consist of various modifications of 
slotted levers, and what is known as Whitworth's quick return 
motion. 

The intricacy of the subject renders it a difficult one to deal 
with except by the aid of diagrams, and as such mechanism may 
be inspected in almost any machine fitting shop, attention is 
called to the subject as one of the best that can be chosen for 
demonstration by diagrams. Problems of these variable speed 
movements are not only of great interest, but have a practical 
importance not found in many better known problems which take 
up time uselessly and have no application in a practical way. 

The remarks, given in a former place, relating to tools for 
turning, apply to those for planing as well, except that in planing 
tools greater rigidity and strength are required. 

(1.) Why are shaping machines better adapted than planing machines 
for planing slots, key- ways, and so on ? — (2.) What objects are gained 
by a quick return motion of the cutter bar of shaping machines ? 



CHAPTER XXXIV. 

BORING AND DRILLING. 

Boring, as distinguished from drilling, consists in turning out 
annular holes to true dimensions, while the term drilling is 
applied to perforating or sinking holes in solid material In 
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i are guided by axial support independent of tLe 
}ng of tLeir edges oa tlie material, wiiile in drilling, the 
tog edges are guided and supported mainly from their contaet 
land bearing on the material drilled. 

ing to this difference in tbe manner of guiding and 
rting the cutting edges, and the advantages of an axial 

^ort for tools in boring, it becomes an operation by which 
tbe most accurate dimensions are attainable, while drilling is a 
compBTfttively imperfect operation ; yet the ordinary conditions 
of machine fitting are such that nearly all small holes can be 
drilled with sufficient accuracy. 

Boring may be called internal turning, differing from external 
turning, because of the tools performing the cutting movement, 
uid in the cut being made on concave instead of convex surfaces ; 
otherwise there is a close analogy between the operations 
of turning and boring. Boring is to some extent performed on 
lathes, either with boring bars or by what ia termed chuck- 
boring, in the latter the material is revolved and the tools 
are stationary. 

Boring may be divided into three operations as follows: 
chttci-boring on lathes; bar-boring, when a boring bar runs on 
points or centres, and is supported at the ends only ; and bar- 
boring when a bar is supported in and fed through fixed bear- 
ings. The principles are difft^rent in these operations, each one 
being applicable to certain kinds of work. A workman who can 
' distinguish between these plans of boring, and can always determine 
from the nature ot a certain work which is the beat to adopt, 
has acquired considerable knowledge of fitting operations. 

Chuck-boring is employed in three cases ; for holes of shallow 
depth, taper holes, and holes that are screw -threaded. As pieces 
are overhung in lathe-boring there is not sufficient rigidity 
neither of the lathe spindle nor of the tools to admit ot deep 
boring. The tools being guided in a straight line, and capable 
of acting at any angle to the axis of rotation, the facilities for 
making tapered holes are complete ; and as the tools are 
stationary, and may be instantly adjusted, the same conditions 
answer for cutting internal screw-threads; an operation cor- 
responding to cutting external screws, except that the cross 
motions of the tool slide are reversed. 

The second plan of boring by means of a bar mounted on 
points or centres is one by which the gteataat oRK.-itaji'i %», 



138 WORKSHOP MANIPULATION. 

attainable ; it is like chuck-boring a lathe operation, and one 
for which no better machine than a lathe has been devised, at 
least for the smaller kinds of work. It is a problem whether in 
ordinary machine fitting there is not a gain by pierforming aU 
boring in this manner whenever the rigidity of boring bars is 
sufficient without auxiliary supports, and when the bars can 
pass through the work. Machines arranged for this kind of 
boring can be employed in turning or boring as occasion may 
require. 

When a tool is guided by turning on points, the movement is 
perfect, and the straightness or parallelism of holes bored in tlua 
manner is dependent only on the truth of the carriage move- 
ment. This plan of boring is employed for smedl steam 
cylinders, cylindrical valve seats, and in cases where accuracy is 
essential. 

The third plan of boring with bars resting in bearings is more 
extensively practised, and has the largest range of adaptation. 
A feature of this plan of boring is that the form of the boring- 
bar, or any imperfection in its bearings, is communicated to the 
work ; a want of straightness in the bar makes tapering holes. 
This, of course, applies to cases where a bar is fed through fixed 
bearings placed at one or both ends of a hole to be bored. If 
a boring-bar is bent, or out of truth between its bearings, the 
diameter of the hole being governed by the extreme sweep of the 
cutters is untrue to the same extent, because as the cutters move 
along and come nearer to the bearings, the bar runs with more ' 
truth, forming a tapering hole diminishing toward the rests or 
bearings. The same rule applies to some extent in chuck-boring, 
the form of the lathe spindle being communicated to holes bored ; 
but lathe spindles are presumed to be quite perfect compared 
with boring bars. 

The prevailing custom of casting machine frames in one piece, 
or in as few pieces as possible, leads to a great deal of bar-boring, 
most of which can be performed accurately enough by boring 
bars supported in and fed through bearings. By setting up 
temporary bearings to support boring-bars, and improvising means 
of driving and feeding, most of the boring on machine frames can 
be performed on floors or sole plates and independent of boring 
machines and lathes. There are but few cases in which the im- 
portance of studying the principles of tool action is more clearly 
demonstrated than in this matter of boring ; even long practical 

• 
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experience seldom leads to a tborougt understanding of the 
^ntious problems which it iDvolves. 

Drilling differs in principle from almost every other operation 
,4b metal cutting. The tools, instead of being held and directed 
1^ guides or epindles, are supported mainly by tbe bearing of the 
tatting edges against the material. 

A common angular- pointed drill is capable of withstanding a 
^^ greater amount of strain upon its edges, and rougher use than 
' wy other cutting implement employed in macbine fitting. The 
^^ ligid support which the edges receive, and the tendency to press 
I them to the centre, instead of to tear them away as with other 
'luols, allows drills to be used wheu they are imperfectly shaped, 
■ improperly tempered, and even when tbe cutting edges are of 
DtitMjual length. 

Most of the difficulties which formerly pert.iined to drilling 
Ue now removed by machine-made drills which are manufactured 
-sod sold as an article of trade. Such drills do uot require 
dressing aud tempering or fitting to size after tbey are in use, 
moke true holes, are more rigid than common solid shank drills, 
and will drill to a considerable depth without clogging. 

A drilling machine, adapted to the usual requirements of a 
machine fitting establbbment, consiste essentially of a spindle ar- 
ranged to be driven at various speeds, with a movement for 
feeding the drills ; a firm table set at right angles to the apiodle, 
and arranged with a vertical adjustment to or from the spindle, and 
A componnd adjustment in a horizontal plane. The simplicity 
of the mechanism required to operate drilling tools is such that 
it has permitted various modifications, such as column drills, 
TBdinl drills, suspended drills, horiaontal drills, bracket drills, 
multiple drills, and others. 

Drilling, more than any other operation in metal cutting, re- 
qntres tbe sense of feeling, and is farther from such conditions as 
Mlioit of power feeding. The speed at which, a drill may cut 
without heating or breaking is dependent upon tbe manner in 
vLich it is ground and the nature of tbe material drilled, the 
working conditions may change at any moment as the drilling 
progn^es ; so that hand feed is most suitable. Drilling machines 
nrrnnged with power feed for boring should have some means of 
permanently disengaging tbe feeding mechanism to prevent its 
use in ordinary drilling. 

I am well aware how far this opinion is at variance with prac- 
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tiee, eapeci:illy in Etigknd ; yet careful observation in a workalopB 
will prove tluiX power feed in urdinaiy drilling eSecta no MTingl 
of time or expense. 

(!.) What h the difference between boring and drilling 1—{t) mr 
will drills endure more severe use than other tools i— (3.) Why is hww 
feeding best suited for diills?— (4.) What is the difference hetwMn 
boring with a bar siipparted on centres and one fed tliro\igb jounal 
beiriugs 1 



CHAPTER XXXV. 



JIiLLiNB relates to metal cutting with serrated rotary cutters, and 
differs in many tespeota from either planing or taming. The mine- 
ment of the cutting edges can be more rapid than with tools whiell 
act continuously, because the edges are cooled during the intervil 
between each cut ; that is, if a milling tool haa twenty teeth, as 
single tooth or edge acts only from a fifteenth to a twentiel 
part of the time ; and as the cutting distance or time of cuttingf 
rarely long enough to generate much heat, the speed of such ti 
may be one-bslf greater than for turning, drilling, or planu^ 
tools. Another distinction between milling and other tools it 
perfect and rigid manner in which the cutting edges are supported 
they are short and blunt, besides being usually carried on si 
rigid mandrib. A result of this rigid support of the took is i 
in the length of the cutting edges that can be employed, whid 
are sometimes four inches or more in length. It is true t' 
amount of material cut away in milling is much less than t 
edge movement will indicate when compared with turning 9 
planing ; yet the displacing capacity of a milling machine exeei ' 
that of either a lathe or a planing machine. Theoretically & 
cutting or displacing capacity of any metal or wood catti 
machine, ia as the length of the edges multiplied into the ape 
of their cutting movement ; a rule which applies very anifoni 
in wood cutting, and also in metal cutting within certain liioil 
but the strains that arise in metal cutting are bo great that tii 
may exceed all means of resisting them either in the mateni 
aoted upon, or in the means o5. aviY''50T\itti^VsQ\a,?nt,bat thelangtl 
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of cutting edges is limited. In turning chilled mils at Pittsburg, 
tuola to six iiif^hea ^'ide are employed, and the effect produced is 
'tu the leugth of the edge ; but tha depth of the cut is slight, and 
tie operation is only poasihle because of the extreme rigidity of 
the pieces turned, and tile tools being supported without movable 
Jionla as in common lathes. 

Under certain couditions a given quantity of soft iron or steel 
any be cut away at less expense, and with greater accuracy, by 
miliing than by any other process, 

A milling tool with twenty edges should represent as much 
' liearing capacity as a like number of separate tools, and may 
ha said to equal twenty duplicate tools ; hence, in cutting grooves, 
notches, or similar work, a milling tool is equivalent to a large 
number of duplicate single tools, which cannot be made or set 
with the same truth ; so that milling secures accuracy and duplica- 
tion, objects which are in many cases more important than speed. 

Milling, as explained, being a more rapid process than either 
planing or turning, it seems strange that so few machines of this 
kind are employed in engineering shops. This points to some 
difQculty to be contended with in milling, which is nut altogether 
Apparent, because economic reasons would long ago have led to a 
more extended use of milhug processes, if the results were as 
profitable as the speed of cutting indicates. This is, however, 
not the case, except on certain kinds of material, and only for 
eertaiu kinds of work. 

The advantages gained by milling, as stated, are speed. 
duplication, and accuracy ; the disadvantages are the expense of 
preparing tools and their perishability. 

A solid milling cutter must be an accurately finished piece of 
work, made with more precision than can be expected in the 
work it is to perforin. This accaracy cannot be attained by 
flrdinary processes, because such tools, when tempered, are liable 
to become distorted in shape, and frequently break. When 
hardened they must be finished by grinding processes, it intended 
for any accurate work ; in fact, no tools, except gauging imple- 
ineats, involve more expeuse to prepare, and none are so liable 
to Mcident when in use. 

Such tools consist of a combination of cutting edges, all of 
wliicb may be said to depend on each one ; because if one breaks, 
tlie next in order will have a double duty to perform, and will 



J 
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soon follow — a reversal of the old adage, that ' union is strengtli,' 
if by strength is meant endurance. 

In planing and turning, the tools require no exact form ; they 
can be rouglily made, except the edge, and even this, in most 
cases, is shaped by the eye. Such tools are maintained at a 
trifling expense, and the destruction of an edge is a matter of no 
consequence. The form, temper, and strength can be continu- 
ally adapted to the varying conditions of the work and the hard- 
ness of material. The line of division between planing and 
milling is fixed by two circumstances — the hardness and uni- 
formity of the material to be cut, and the importance of duphca- 
tion. Brass, clean iron, soft steel, or any homogeneous metal 
not hard enough to cause risk to the tools, can be milled at less 
expense than planed, provided there is enough work of a uniform 
character to justify the expense of milling tools. Cutting the 
teeth of wheels is an example where milling is profitable, but not 
to the extent generally supposed. In the manufacture of small 
arms, sewing machines, clocks, and especially watches, where 
there is a constant and exact duplication of parts, milling is in- 
dispensable. Such manufactures are in some cases founded on 
milling operations, as will be pointed out in another chapter. 

Milling tools large enough to admit of detachable cutters being 
employed, are not so expensive to maintain as solid tools. Edge 
movement can sometimes be multiplied in this way, so as to 
greatly exceed what a single tool will perform. 

Milling tools are employed at Crewe for roughing out the slots 
in locomotive crank axles. A number of detachable tools are 
mounted on a strong disc, so that four to six will act at one 
time ; in this way the displacement exceeds what a lathe can 
perform when acting continuously with two tools. Rotary planing 
machines constructed on the milling principle, have been tried 
for plane surfaces, but with indifferent success, except for rough 
work. 

There is nothing in the construction or operation of milling 
machines but what will be at once understood by a learner who 
sees them in operation. The whole intricacy of the process lies 
in its application or economic value, and but very few, even 
among the most skilled, are able in all cases to decide when 
nulling can be employed to advantage. Theoretical conclusions, 
aside from practical experience, will lead o/ie to suppose that 
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milling can be applied in nearly all kinds of work, a 
I whicli has in many cases led to serious mistukes, 

(1.) If milling tools operate faster than planing or taming tools, w 
He they not more employed 1 — (2 ) How may the effect produced by"-* 
jutting toola generally be computed I — (3.) To what class of work are 
mining machines espedally suited 1 — (4.) Why do milling proceseea 
I prodnee more accurate dimenaiouH than ore attainable by turning or 
[feiiiDg ? — (5.) Why can some branches of majiu&ctiire be Eoid tCL 
depend on milling proccises ) 



Tbb tool; 



CHAPTER XXXVL 
SCff£ iV-CUTTING. 



MB tools employed for cubting screw threads conatitute a 
rate class among the implements of a litting shop, iind it % 
' Wnudered best to notice them separately. 

Screw-eutting is divided into two kinds, one where tlie bland 
or pieces to be threaded are supported un centres, the toola heln 
awl guided independently of their bearing at the cutting etigejp 
called chasing ; the other process ia where the blanks haye no^ 
uial support, and are guided only by dies or cutting tools, called 
die-catting. 

The first of these operations includes all threading processes 
JWrformed on lathes, whether with a single tool, by dies carried j 
pusitively by slide rests, or by milling. 

The second includes what ia called threading in America s 
screwing in England. Machines for this purpose com 
Basentially of mechanism to rotate either the blank to be cut 
the dies, and devices for holding and presenting the blanks. 

Chasing produces screws true with respect to their axis, and i| 
the common process of threading all screws which are to have a 
nintiiiig motion in use, either of the screw itself, or the nut. 

Die-eutting produces screws which jnay nut be tme, but e 
Blitl Buffidently accurate for most uses, such as clamping t 
joining together the parts of machinery or other work. 

Chasing operations being lathe work, and involving naV 
principles not already noticed, what is said further will be iufl 
I'fB^arence to die-catting or bolt-threading machines, which 
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Bimple as they may appear to tlie unskilled, involve, nevefOtfr-' 
less m:i[iy intricacies which will not appear upon aapetfidal 
examination. 

Screw-cutting machines may he divided into luodificaUoDB u 
follows : — (1) Machines with running dies mounted in w)at ia 
called the head; (2) Machines with fised dies, in whicli motion 
is given to the rod or blank to be threaded ; (3) MacliineB with 
eJ(]iandiiig dies which open and release the screws when flniBhad 
without running back ; (4) Machines witli solid dies, in whidi 
the screws have to be withdrawn by changing the motion of the 
driving gearing ; making in all four different types. 

If these various plans uf arranging screw-cutting macliines bw 
reference to different kinds of work, it might be assumed that si 
of them are correct, but they are as a rule all applied to the sanii 
kind of work ; hence it is safe to conclude that there is one armngft- 
ment better than the rest, or that one plan is right and the otheis 
wrong. This matter may in some degree be determined ly. 
following through the conditions of use and application. 

Between a running motion of the dies, or a running inotion ti 
the blanks, there are the following points which may be noticed.. 

If dies are fixed, the clamping mechanism to hold the rodi 
has to run with the spindle ; such machines must be stopped 
wbila fastening the rods or blanks. Clamping jaws are usnallj 
as little suited for rotation on a spindle as dies are, and genet; 
ally afford more cliances for obstruction and accident. To 
j-otate the rods, if they are long, they must pass through the 
driving spindle, because machines cannot well be made oE 
• BuflScient length to receive long rods. In machines of this cluaj 
the dies have to be opened and closed by hand instead of by the 
driving power, which can be employed for the purpose wben tl 
dies are mounted in a running head. 

With running dies, blanks may be clamped when a machine IB 
in motion, and as the blank does not revolve, it m 
be supported in any temporary manner. The dies can be opened 
and closed by the driving power also, and no stopping of ft 
r machine is necessary ; so that several advantages of consideraibls 
importance may be gained by mounting the dies in a mnnoiS 
head, a plan which has been generally adopted in late jean bi 
. machine tool makers both in England and America. 

In respect to the difference between expanding and solid A ^^ 
it consists mainly in the time required to run back, and thff 
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injaty to dies which this operation occasions. Uniformity of size 
IB within certain limits insured by solid dies, but they are more 
liable to derangement and less easy to repjur thau expanding or 
independent dies. 

Another difference between snlid and expanding dies, which 
may he pointed nut, is in the flrmnesa with which the cutting 
edges are heldj With a solid die, the edges or teeth being all 
combined in one sohd piece, are firuly held in a fixed position ; 
while with expanding dies their position has to be maintained by 
mechanical devices which are liable to yield under the pressure 
which arises in cutting. The result is, that the precision with 
which a screwhig machine with movable dies will act, is depen- 
dent upon the strength of the 'abutment' behind the dies, 
which should be a hard unyielding surface with as much urea 
as possible. 

Connected with screw dies, there are various problems, such 
AS clearance behind the cutting edge ; whether an odd or even 
nninber of edges are heat ; how many threads require to be 
bevelled at the starting point ; and many other matters about 
which there are no determined rules. The diversity of opinion 
that will be met with on these points, and in reference to taps, 
the form of screw-threads, and so on, will convince a learner of 
the intricacies in this apparently simple matter of cutting screw- 
threads. 

(1.) Describe the different modifications of sciew- cutting machines. 
—(2.) Wliit is gained by revolving the dies instead of the rods !— (3.) 
What is gwned by expanding dies 1 — (4.) What is the difierence be- 
tween screws cut by chasing and those cut on a screw-cutting machine 1 



CHAPTER SXXVII. 
STANDARD MEASURES. 

Machines are composed of parts connected together by rigid and 
movable joints ; rigid joints are necessary because of the expense, 
and in most cases the impossibility, of constructing framing and 
F fixed detail in one piece. 
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All moving parts must of course be independent of fixed 
parts, the relation between the two being maintained by what 
has been called running joints. 

It is evident that when the parts of a machine are joined to- 
gether, each piece which has contact on more than one side most 
have specific dimensions ; it is farther evident that as many of the 
joints in a machine as are to accommodate the exigencies of con- 
struction must be without space, that is, they represent continued 
sections of what should be solid material, if it were possible to 
construct the parts in that manner. This also demands specific 
'dimensions. 

In arranging the details of machines, it is impossible to have 
a special standard of dimensions for each case, or even for eadi 
shop ; the dimensions employed are therefore made to conform 
to some general standard, which by custom becomes known 
and familiar to workmen and to a country, or as we may now 
say to all countries. 

A standard of lineal measures, however, cannot be taken from 
one country to another, or even transferred from one shop to an- 
other without the risk of variation ; and it is therefore necessary 
that such a standard be based upon something in nature to whidi 
reference can be made in cases of doubt. 

In ages past, various attempts were made to find some constant 
in nature on which measures could be based. Some of theae 
attempts were ludicrous, and all of them failures, until the vibra- 
tions of a pendulum connected length and space with time. The 
problem was then more easy. The changes of seasons and the 
movement of heavenly bodies had established measures of time, 
so that days, hours, and minutes became constants, proved and 
maintained by the unerring laws of nature. 

A pendulum vibrating in uniform time regardless of distance, 
but jdways as its length, if arranged to perform one vibration 
in a given time, gave a constant measure of length. Thus 
lineal measure comes from time ; cubic or solid measures from 
lineal measure, and standards of weight from the same source ; 
because when a certain quantity of a substance of any kind could 
be determined by lineal measurement, and this quantity was 
weighed, a standard of weight would be reached, provided there 
was some substance sufiiciently uniform, to which reference 
could be made in different countries. Such a substance is sea 
or pure water ; weighed in vacuo, or with the air at an assumed 
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density, water gives a result constant enough for a. standard o£ 
weiglit. 

It is a strange thought that with all the order, system, and 
Tegalarity, existing in nature, there is nothing but the inove- 
nients of the heavenly bodies constant enough to form a. base for 
gauging teats. The French standard based upon the calculated 
length of the meridian may be traced to this source. 

Kothing animate or iaanimate in nature is uniform ; plants, 
trees, animals, are all different ; even the air we breathe and the 
temperature around ns is constantly changuig ; only one thing 
ifl constant, that is time, and to this must we go for all our 
standards. 

I am not aware that the derivation of our standard measures 
has been, in an historical way, as the foregoing remarks will indi- 
cate, nor is it the purpose here to follow such history. A 
reader, whose attention is directed to the subject, will find no 
trouble in tracing the matter from other sources. The present 
object ia to show wliat a wonderful series of connections can be 
traced from so simple a tool as a measuring gauge, and hnw 
»bstruse, in fact, are many apparently simple things, often re- 
puded as not worth a thought beyond their practical application. 

(1.) Why are machine frames constructed in Bcctioiis, inEtead of 
bdng in one piece)— (2.) Why must parts which have contact on 
opposite $ii]es have specific diniensioDS ? — (3.) What are standards of 
measure based upon in England, America, and France !^(4.) How 
can weight be measiu-ed by time 1— (5.) Has the French metre provel 
a standard admitting of teat reference 7 



CHAPTER XXXVIII. 
GA UCING IMPLEMEN TS. 
■■ improvements ia machine fitting which iiave in recent 
i into general use, ia the eniphiyment of standard 
gauges, by means of which uniform dimensions are maintitined, 
and within certain limits, an interchange of the parts of 
machinery is rendered possible. 

Standard gauging jmpiementa were introduced about the year 
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1840, by tiie celebrated Swiss engineer, John G. Boclmer, a ; 
who for many reaaona deserves to be coTisidered as the founder nf 
machine loo) manufncture. He not only employed gauges in his 
works to secure duplicate dimensions, but also invented a 
put in use many other refcinns in manipulntion ; among these 
may be mentioned the decimal or metrical division of measorei, 
a system of detail drawings classified by symbols, the mode of 
calculating wheels by diametric pitch, with many other thin^ 
which characteriBe the best modem practice. 

The importance of standard dimensions, and the effect which a 
Bystem of gauging may have in the construction of machines, 
will be a matter of some difficulty for a learner to understand. 
The iiiterehangeability of parts, which is the immediate obj«ct 
ill employing gauges, is plain enough, and some of the advantages 
at once apparent, yet the ultimate effects of such a system 
extend much farther than will at first be supposed. 

The division of labour, that system upon which we may say 
our great industrial interests are founded, is in machine fitting 
promoted in a wonderful degree by the use of gauging imple- 
ments. If standard dimensions can be maintained, it is easy to 
see that the parts of a machine can be constructed by different 
workmen, or in different shops, and these parts when assembled 
all fit together, without that tedious and uncertain plan of tiy- 
fitting which was onee generally practised. There are, it is true, 
certain kinds of fitting which cannot well be performed l^ . 
gauges ; moving flat surfaces, such as the bearings of lathe 
slides or the faces of steam engine valves, are sooner and better 
fitted by trying them together and scraping off the points of 
contact ; but even in such cases the character of the work will be 
improved, if one or both surfaces have been first levelled by 
gauging or surface plates. 

In cylindrical fitting, which as before pointed ont, constitutes 
the greater part in machine fitting, gauges are especially impor- 
tant, because trial-fitting is in most cases impossible. 

Flat or plane joints nearly always admit of adjustment between, 
the fitted surfaces; that is, the material scraped or ground away 
in fitting can be compensated by bringing the pieces nearer 
together ; but parallel cylindrical joints cannot even be triad 
together uutil finished, consequently, there can be nothing 
cut away in trying them together. Tapering, or conical joints, 
caji uf course be trial-fitted, and even parntlel fits are sometimea 
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made by trial, but it is evident tbat tlie only material tbat can 
be cat away in sucb cases, is wbat makes the difference between 
a fit too close, and oue wbicli wilt answer in practice. 

As to the practical results whicb may be attained by a 
gauging system, it may be said tbat tbey are far in advance of 
wbal ia popularly supposed, especially in Europe, where gaugea 
were first employed. 

The process of milling, which has been so extensively adopted 
in the manufacture of guns, watches, sewing-machines, and 
eiiuilar work in America, has, on principles explained in the 
chapter on milling, enabled a system of gauging which it is difBcult 
to comprehend without seeing the procesaea carried on. And so 
important is the effect due to this duplicating or gauging 
syetem, that several important branches of manufacture have 
been controlled in this way, when other elements of production, 
such as the price of labour, reat, interest, and so on, have been 
greatly in favour of countries where the trying system is 
practised. 

As remarked, the gauging system is particularly adapted to, 
or enabled by milling processes, and of course must have it.i 
greatest effect in brunches of work directed to the production of 
Bniform articles, such as clocks, watches, sewing-machines, gnna, 
Itand tools, and so on. Tbat is, the direct effect on the cost of 
processes will be more apparent and easily understood in such 
branches of manufacture ; yet in general en^neering work, where 
each machine is more or less modi&ed, and made to special 
plans, the commercial gain resulting from the use of gauges is 
cousiderahle. 

In respect to repairing alone, the consideration of having the 
parts of machinery fitted to stfindard sizes is often, equal to its 
whole value. 

Machinery subjected to destructive wear, and to be operated 
at a distance from machine shops—locomotive engines for 
example — ^if not constructed with standard dimensions, may, by 
the detention due to repairing, cause a loss and inconvenience 
equal to their value ; it a shaft wheel bearing, or even a fitted 
screw bolt ia broken, time must be aUowed to make the parts 
new ; and in order to fit them, the whole machine, or such of ita 
d«tulB aa have connection with the broken parts, must be taken 
tB « ahop in order to fit by trial 

: duplicate system has gradually made its way ill locu- 
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motive engineering, and will no doubt extend to the whole of 
railway equipment, as constants for dimensions are proved and 
agreed upon. 

The gauging system has been no little retarded by a selfisli 
and mistaken opinion that an engineering establishment may 
maintain peculiar standards of its own ; in fact, relics of this 
spirit are yet to be met with in old machines, where the pitch of 
screw-threads has been made to fractional parts of an inch, so 
that engineers, other than the original makers, could not well per- 
form repairing, or replace broken parts. 

One of the effects of employing gauges in machine fitting is 
to inspire confidence in workmen. Instead of a fit being regarded 
as a mysterious result more the work of chance than design, men 
accustomed to gauges come to regard precision as something both 
attainable and indispensable. A learner, after examining a set 
of well fitted cylindrical gauges, will form a new conception of 
what a fit is, and will afterwards have a new standard fixed in 
his mind. 

The variation of dimensions which are sensible to the touch 
at one ten- thousandth part of an inch, furnishes an example of how 
important the human senses are even after the utmost precision 
attainable by machine action. Pieces may pass beneath the 
cutters of a milling machine under conditions, which so far as 
machinery avails will produce uniform sizes, yet there is no 
assurance of the result until the work is felt by gauges. 

The eye fails to detect variations in size, even by comparison, 
long before we reach the necessary precision in common fitting. 
Even by comparison with figured scales or measuring with rules, 
the difference between a proper and a spoiled fit is not discern- 
ible by sight. 

Many of the most accurate measurements are, however, per- 
formed by sight, with vernier calipers for example, the variation 
being multiplied hundreds or thousands of times by mechanism, 
until the least differences can be readily seen. 

In multiplying the variations of a measuring implement by 
mechanism, it is obvious that movable joints must be employed ; it 
is also obvious that no positive joint, whether cylindrical or flat, 
could be so accurately fitted as to transmit such slight movement 
as occurs in gauging or measuring. This difficulty is in most 
measuring instruments overcome by employing a principle not 
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alluded to, but cummon iii many niaclunes, tliat of elast^ 



A pair of spring calipers "will illustrate this principle. 
points are always steady, becausG the spring acting continually in 
one direction compensates the loose play that may be in tlie 
screw. In a train of tooth wheels there is always mora or less 
play between the teeth ; and unless the wheels always revolve in 
one direction, and have some constant resistaniie ofiered to their 
motion, ' backlash ' or irregular movement will take place ; but 
if there is some constant and uniform resistance such as a spring 
would impart, a train of wheels will transmit the slightest motiou ■ 
tbroughout. 

The extreme nicety with which gauging implements are 
BeamB at first thought tn be unnecessary, bat it must be ri 
bered that a cylindrical joint in ordinary machine fitting involves 
K precision almost beyond the sense of feeling, and that any 
sensible variation in turning gauges is enough to spoil a fit. 

Opposed to the maintenance of standard dimensions are tl 
'radations in size due to temperature. This difficulty applies alii 
to g&uging implements and to parts that are to be tested ; yet 1) 
Siia, OB in nearly every phenomenon connected with matter, i 
iiave succeeded in turning it to some useful purpose. Bands o^ 
iron, such as the tires of wheels when heated, can be ' shrunk ' on, 
and a compressive force and security attained, which would be 
impossible by forcing the parts together both at the same 
temperature. Shrinking has, however, been almost entirely 
abandoned for such joints as can be accurately fitted. 

(10 Hon mny ganging implements afiect the division of l&bourf-* 
(2.) In what way does standard dimenf'ioiis affect the value ef machinery^ 
— [3.) "Why cannot cylindrical joints be fitted ly trying them trgether ll 
— (4.) Under what circumstances Is it most important that the parts of ■ 
machinery should have standard ciimensiuns ? — (5.) Which sent ' 
DtDst acute in testing accurate dimensioiia ?— (6.) How may slight vi 
tions in dimeiinions be made apparent to sight ( 
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CHAPTER XXXIX. 

DESIGNING MACHINES, 

It will scarcely be expected that any part of the ptesent work, 
intended mainly for apprentice engineers, should relate to de- 
signing machines, yet there is no reason why the subject should 
not to some extent be treated of; it is one sure to engage more 
or less attention from learners, and the study of designing 
machines, if properly directed, cannot fail to be of advantage. 

There is, perhaps, no one who has achieved a successful ex- 
perience as an engineer biit will acknowledge the advantages 
derived from early efforts to generate original designs, and 
none who will not admit that if their first efforts had been 
more carefully directed, the advantages gained would have been 
greater. 

It is exceedingly difficult for an apprentice engineer, without 
experimental knowledge, to choose plans for his own education, 
or to determine the best way of pursuing such plans when they 
have been chosen ; and there is nothing that consumes so much 
time, or is more useless than attempting to make original designs, 
if there is not some systematic method followed. 

There is but little object in preparing designs, when their 
counterparts may already exist, so that in making original plans, 
there should be a careful research as to what has been already 
done in the same line. It is not only discouraging, but annoying, 
after studying a design with great care, to find that it has been 
anticipated, and that the scheme studied out has been one of 
reproduction only. For this reason, attempts to design should at 
first be confined to familiar subjects, instead of venturing upon 
unexplored ground. 

Designing is in many respects the same thing as invention, 
except that it deals more with mechanism than principles, although 
it may, and often does include both. Like invention, designing 
should always be attempted for the attainment of some definite 
object laid down at the beginning, and followed persistently 
throughout. 

It is not always an easy matter to hit upon an object to which 
designs may be directed ; and although at first thought it may 
seem that any machine, or part of a machine, is capable of im- 
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proveraent, it will be found no easy matter to detect existing 
faults or to conceive plana for their remedy. 

A new design should be based upon one of two suppositions — 
either that exiatiug mechaniBin ia imperfect in its construction, or 
that it lacks functions which a new design may au])ply ; and if 
those who spend their time in making plans for novel machinery 
^TOuld stop to consider this from the beginning, it would save no 
little of the time wasted in wJiat may he called scheming without 
a purpose. 

After determining the ultimate objectB of an improvement, 
and laying down the general principles which should be followed 
in the preparation of a design, there is nothing connected with 
oonstructive engineering that can be more nearly brouglit within 
genera] rules than arranging details. I am well aware of how 
6|T this statement is at variance with popular opinion dmong 
mechanics, and of tbe very thorough knowledge of machine 
Application and machine operation required in making designs, 
and mean that there are certain principles and rales which may 
deteriniiie the arrangement and distribution of material, the 
position and relation of moving parts, bearings, and so on, and 
that a machine may be built up with no more risk of mistakes 
ttian in erecting a permanent structure. 

Designing macliines must have reference to adaptation, endur- 
ance, and the expense of construction. Adaptation includes the 
peribrraance of machinery, its commercial value, or what the 
machinery may earn in operating ; endurance, the time that 
maehioes may operate without being repaired, and the constancy 
of their performance ; expense, tbe investment represented in 
BUtchinery. 

The adaptation, endurance, and cost of machines in designing 
become resolved into problems of movements, the arrangement of 
parts, and proportions. 

Movements and strains may be called two of the leading con- 
ditions upon which designs for machines are based : movements 
determine general dimensions, and strains determine the propor- 
tions and sizes of particular parts. Movement and strain together 
determine the nature and urea of bearings or bearing surfaces. 

The range and speed of movement of the parts of machines are 
elements in designing that admit of a definite determination from 
rork to be accomplished, but arrangement cannot be so 
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fmnet, therefore, be constantly maintained, 
I of the displaced metal is not too great, it 
^mt the shape of tbe tools sbould be a profile 
between two teeth, and ettch a space be cut 
tug or one operation. By the application of 
dovu in a former place in reference to cutting 
k material, reciprocating or planing tools may be 
if rotary or milling tools. 

>inB next in order, and consist of a reciprocating 

Jilt of the tools or material, a feed movement to 

Wttiiig action, and a longitudinal movement of the 

hi to pitch or space, the distance between the teeth. 

iirocftting cutting movement being but four inches or 

"^ Ilk is obviously the best means to produce this motion, 

;)<i movement is transverse to the rack, which may be 

1 unwieldy, it is equally obvious that the cutting motion 

be performed by the tools instead of the rack. 

feed adjustment of the tool being intermittent and the 

lilt of cutting continually varying, this movement should be 

'irmed by hand, so as to be controlled at will by the sense of 

ling. The same rule applies to the adjustment of the rack 

■V spacing ; being intermittent and irregular as to time, this 

lovement should also be performed by hand. Tlie speed of the 

cutting movement is known from ordinary practice to be from 

uzteen feet to twenty feet a minute, and a belt two and a half 

inches wide must move two hundred feet a ininute to propel an 

ordinary metal cutting tool, so that tlie crank movement or cutter 

movement must be increased by gearing until a proper speed of 

the belt is reached ; from this the speed of intermediate movers 

will be found. 

Arrangement comes next ; in this the first matter to be con- 
sidered is convenience of manipulation. The cutting position 
slionld be so arranged as to admit of an easy inspection of the 
work. An operator having to keep his hand on the adjusting or 
feed mechanism, which is about twelve inches above the work, 
it follows that if the cutting level is four feet from the floor, and 
the feed handle five feet from the floor, the arrangement will be 
convenient for a standing position. As the work requires con- 
tinual inspection and hand adjustments, it will for this reason 
be a proper arrangement to overhang both the supports for the 
rack and the cutting tools, placing them, as we may say, outside 
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the macMne, to secure coQTenieace of access and to allow of 
spection. The position of the cutting bar, crank, conuectiouai 
gearing, pulleys, and shafts, will assume their respective pUcea 
from obvious conditions, mainly from the position of the open- 
tor nnd the work. 

Nest in order are strains. As the cutting action is the eomw 
of strains, and as the resistance offered by the cutting tools is u 
the length or width of the edges, it will be found in the praMUt 
case that while other conditions thus far have pointed to Btnall 
proportions, there is now a new one which calls for large propON 
tions. In displaciug the metal between teeth of three-quHrt«a 
of on inch pitch, tile cutting edge or the amount of surface acted 
upon is equal to a width of one inch and a half. It is true, tbs 
displacement may be small at each cut, but the strain ia la&tt 
to be based upon the breadth of the acting edge than the 
displacement of metal, and we find here strains equal to tin 
average duty of a large planing machine. This strain radlatM 
from the cutting point as from a centre, falling on the supportEOI 
the work with a tendency to force it from the framing. BetwM 
the rack and the crank-shaft bearing, through the mediam of 
tool, cutter bar, connection, and crank piu, and in various (" 
tiona and degrees, this strain may be followed by means 
simple diagram. Besides this cutting strain, there are noi 
importance ; the tension of the belt, the side thrust in bearing 
the strain from the angular thrust of the crank, and the tut 
thrust of the tool, although not to be lost sight of, need uqI 
have much to do with problems of strength, proportion, an4 
arrangement. 

Strains suggest special arrangement, which is quite 
matter from general arrangement, the latter being govetiu 
maiulyby the convenience of manipulation. Special arrangan 
deals with and determines the shape of framing, following 
strains throughout a machine. In the present case wa hxn 
cutting strain which may be assumed as equal to one ton, exaiti 
between the bracket or jaws which support the work, and &» . 
crank-shaft. It follows that between these two points the Buiti 
in the framing should be disposed in as direct a line as posubl^i 
and provision be made to resist flexion by deep sections paialhi 
with the cutting motion. 

Lastly, proportions ; having estimated the cutting force K- 
quired at one ton, although less than the actual strain in ■ 
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Wiacbine of this kind, we proceed upon tliis to fix proportions, 
beginning witli tlie tool shank, and following back through the 
■^justing Bad<l]e, the cutting bar, connections, crank pins, ahafts, 
md gear wheeh to the belt Starting again at the ton!, or point 
oi cutting, following through the supports of the rack, the jaws 
A&atctamp it, the saddle for the graduating adjuatmeut, the connec- 
tions with the main frame, and so on to the crank-shaft bearing 
« aecond time, dimensions may be fixed for eaoii piece to with- 
Mand the strains without deflection or danger of breaking. Such 
proportions cannot, I am aware, be brought within the rules of 
ordinary practice by relying upon calculation alone to fix them, 
and no such course is suggested ; calculation may aid, but can- 
not determine proportions in such cases ; besides, symmetry, 
'Wbich. ciiimot he altogether disregarded, modifies the form and 
sometimes the dimensions of various parts. 

I have ill this way imperfectly indicated a methodical plan of 
generating a design, as far as words alone will serve, beginning 
\rith certain premises based upon a particular work to bo per- 
formed, and then proceeding to consider in consecutive order the 
-general character of the machine, mode of operation, movements 
and adjustments, general arrangement, strains, special arrange- 
ment, and proportions. 

With a thorough knowledge of practical machine operation, 
and an acq[uaintance with eiisting practice, an engineer proceed- 
ing upon such a plan, will, if he does not overlook some of the 
conditions, be able to generate designs which may remain with- 
out much modification or change, bo long as tile purpose to which 
the machinery is directed remains the same. 

Perseverance is an important trait to be cultivated in first 
efforts at designing ; it takes a certain amount of study to under- 
stand any tiranch of mechanism, no matter what natural capacity 
way be possessed by a learner. Mechanical operations are not 
learned intuitively, but are always surrounded by many peculiar 
conditions which must be learned tiriatim, and it is only by an 
nntiring perseverance at one thing that there can be any hope of 
improving it by new designs. 

A learner who goes from gearing and shafts to steam and 

Ijydraulics, from machine tools to cranes and hoisting machinery, 

will not accomplish much. The best way ia to select at first an 

easy subject, one that admits of a great range of modification, 

id if possible, cue that has not assumed & ^Wo.^'eai^ \<:<<cca. " 
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In snch sciences as rest in any degree upon physical experiment^ 
like chemistry, to experiment without some definite object may 
be a proper kind of research, and may in the future, as it has in 
the past, lead to great and useful results ; but in mechanics the 
case is different ; the demonstration of the conservation of force^ 
and the relation between force and heat, have supplied the last 
link in a chain of principles which may be said to comprehend all 
that we are called upon to deal with in dynamical science, and 
there remains but little hope of developing anything new or Tise> 
ful by discovery alone. The time has been, and has not yet 
passed away, when even the most unskilled thought their ahiUty 
to invent improvements in machinery equal with that of an 
engineer or skilled mechanic; but this is now changed; new 
schemes are weighed and tested by scientific standards, in many 
cases as reliable as actual experiments. A veil of mystery which 
ignorance of the physical sciences had in former times thrown 
around the mechanic arts, has been cleared away; chance dis- 
covery, or mechanical superstition, if the term may be allowed, 
has nearly disappeared. Many modem engineers regard their 
improvements in machinery as the exercise of their profession 
only, and hesitate about asking for protective grants to secure an 
exclusive use of that which another person might and often does 
demonstrate, as often as circumstances call for such improvement 
There are of course new articles of manufacture to be discovered, 
and many improvements in machinery which may be proper 
subject matter for patent rights ; improvements which in all 
chance would not be made for the term of a patent^ except by 
the inventor ; but such cases are rare ; and it is fair to assume that 
unless an invention is one which could not have been regularly 
deduced from existing data, and one that would not in all 
probability have been made for a long term of years by any other 
person than the inventor, such an invention cannot in fairness 
become the property of an individual without infringing the rights 
of others. 

It is not the intention to discuss patent law, nor even to estimate 
what benefits have in the past, or may in the future, be gained to 
technical industry by the patent system, but to impress engineer- 
ing apprentices with a better and more dignified appreciation of 
their calling than to confound it with chance invention, and there- 
by destroy that confidence in positive results which has in the 
past characterised mechanical engineering ; also to caution 
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s againBt tlie loss of time and effort too often expended 
rching after inventiuiis. 

's well for au apprentice to invent or demonstrate all that 
i the better ; bnt as explained in a previona 
place, what is attempted should be according to some system, and 
■with a proper object. Time spent groping in the dark after 
something of which no definite conception lias been formed, or 
for any object not to fill an ascertained want, b generally time 
lost. To denionstrate or invent, obb should begin methodically, 
like a bricklayer builds a wall, as he mortars and seta each brick, 
HO should an engineer qaalify, by careful study, each piece or 
movement Ikat is ^ded to a mechanical structnre, so that when 
done, tile result may be useful and enduring. 

As remarked, every attempt to generate anything new in 
machinery should be commenced by ascertaining a want of im- 
provement. When such a want has been ascertained, attention 
^ould be directed first to the principles upon which such want 
Or fault is to be remedied. Pro[«r mechanism can then be sup- 
plied like the missing links io a chain. Prupoaitions thus stated 
fllay fail to convey the meaning intended ; this systematic plan 
of inventing may he better explained by an example. 

Presuming tiie reader to remember what was said of steam 
hammers in another place, imd to be familiar with the uses 
and general constnictiou of such hammers, let it be supposed 
steam-hammers, with the ordinary automatic valve action, those 
that give an elastic or Bteam-cuahioned blow, are well known. 
Suppose further that by analysing the blows given by hammers 
of this kind, it is demonstrated that dead blows, such as are 
given when a hammer comes to a full stop in striking, ai'e 
uore effectual iu certiun kinds of work, and that steam-hammera 
would be improved by operating on this dead-stroke principle. 

Such a proposition would constitute the first stage of an ioven- 
tjon by demonstrating a fault in existing hammers, and a want 
of eertiiin functions which if added would make an improvement. 

Proceeding Irom these premises, the first thing should be to 
examine the action of existing vnlve gear, to determine where 
this want of the dead-stroke function can beat be supplied, and 
to gain the aid of such suggestions as existing mechimism may 
offer, also to see how far the appliances iu use may become a part 
_^rf any new arrangement. 
Tt^ examining autiuuatic hammers it will be found that tbeir 
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valves are counected to the drop by means of links, prodncing 
coincident movement of the piston and valve, and that the move- 
ment of one is contingent upon and governed by the other. It 
will also be found that these connections or links are capable of 
extension, so as to alter the relative position of the piston and 
valve, thereby regolating the range of the blow, but that the 
movement of the two is reciprocal or in unison. Reasoning in- 
ductively, not discovering or inventing, it may be determined 
that to secure a stamp blow of a hammer-head, the valve must 
not open or admit steam beneath the piston until a blow is 
completed and the hammer has stopped. 

At this point will occur one of those mechanical problems which 
requires what may be called logical solution. The valve most be 
moved by the drop ; there is no other moving mechanism avail- 
able ; the valve and drop must besides be connected, to insure co- 
incident action, yet the valve requires to move when the drop is 
still. Proceeding inductively, it is clear that a third agent must 
be introduced, some part moved by the drop, which will in turn 
move the valve, but this intermediate agent so arranged that 
it may continue to move after the hammer-drop has stopped. 

This assumed, the scheme is complete, so far as the relative 
niovement of the hammer-drop and the valve, but there must be 
fiomo plan of giving motion to this added mechanism. In many 
(!xami)le8 there may be seen parts of machinery which continue 
in motion after the force which propels them has ceased to act; 
cantion balls are thrown for miles, the impelling force acting for 
a fow feet only ; a weaver's shuttle performs nearly its whole 
flight after the driver has stopped. In the present case, it is 
therefore evident that an independent or subsequent movement 
of the valves may be obtained by the momentum of some- part 
sot in motion during the descent of the hammer-head. 

To sum up, it is supposed to have been determined by induc- 
tive reasoning, coupled with some knowledge of mechanics, that a 
steam hanimer, to give a dead blow, requires the following con- 
ditions in the valve gearing : 

1. That the drop and valve, while they must act relatively, 
cannot move in the same time, or in direct unison. 

2. The connection between the hammer drop and valve cannot 
be i)ORitive, but must be broken during the descent of the drop. 

iJ. The valve must move after the hammer stops. 

4. To cause a movement of the valve after the hammer stops 
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Inera must ba an intermediate agent, that ^ill continue to act 
after the movement of the hammer drop has ceased. 

5, The obvious means of attaining this iudependent movement 
of the valve gear, is by the momentum of some pact aet in motion 
by the hammer-drop, or by the force of gravity reacting on this 
auxiliary ageut. 

The invetition is now complete, and as the principles are alt 
-within the acope of practical mechanism, there is nothing left to 
do but to devise such mechanical expedients as will carry out tha 
pdnciples laid down. This mechanical scheming is a second, and 
in some sense an independent part of machine improvement, and 
should always be subservient to principles j in fact, to separate 
onechanical scheming from prmciplea, generally constitutes what 
has been called chance invention. 

Referring again to the hammer problem, it will be found by 
e^imining the history that the makers of automatic-acting 
flteam-hanuners capable of giving the dead stamp blow, have 
employed the principle wiiicii has been described. Instead of 
employing the momentum, or the gravity of moving parts, to 
opes the valve after the hammer stops, some engineers have 
depended upon disengaging valve gear by the concussion and 
jar of the blow, so that the valve gearing, or a portion of it, fell 
and opened the valve. The ' dead blow gear,' fitted to the earlier ■ 
Nasmyth, oc Wilson, hammers, was constructed on the latter plan, [ 
the valve spindle whHi diaeng;^ed being moved by a spring. * 

I will not consume space to explain the converse of this system 
of inventing, nor attempt to describe how a chaiice schemer would 
proceed to hunt after mechanical expedients to accomplish the 
■wive movement in the example given. 

Inventions in machine improvement, no matter what their 
nature, must of course consist in and conform to certain fixed 
modea of operating, and no plan of urging the truth of a pro- 
position is so common, even with a chance inventor, as to trace 
out the ' principles ' which govern his discovery. 

In studying improvements with a view to practical gain, a 
learner can have no reasonable hope of accomplit^hing much in 
fielda already gone over by able engineers, nor in demonstrating 
anything new in what may be called exhausted subjects, such as 
steam-engines or water-wheels ; he^should rather choose new and 
special subjects, but avoid schemes not in some degree confirmed 
by existing practice. 
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It has been already remarked that the boldness of young 
engineers is very apt to be inversely as their experience, not to 
say their want of knowledge, and it is only by a strong and 
determined effort towards conservatism, that a tnie balance 
is maintained in judging of new schemes. 

The life of George Stephenson proves that notwithstanding 
the novelty and great importance of his improvements in steam 
transit, he did not '* discover " these improvements. He did not 
discover that a floating embankment would cany a railway acroflB 
Chat Moss, neither did he discover that the friction between the 
wheels of a locomotive and the rails would enable a train to be 
drawn by tractive power alone. Everything connected with his 
novel history shows that all of his improvements were founded 
upon a method of reasoning from principles and generally in- 
ductively. To say that he "discovered" our railway system, 
according to the ordinary construction of the term, would be to 
detract from his hard and well-earned reputation, and place him 
among a class of fortunate schemers, who can claim no place in 
the history of legitimate engineering. 

Count Kumford did not by chance develope the philosophy of 
forces upon which we may say the whole science of dynamics 
now rests ; he set out upon a methodical plan to demonstrate 
conceptions that were aJready matured in his mind, and to 
verify principles which he had assumed by inductive reasoning. 
The greater part of really good and substantial improvements, 
such as have performed any considerable part in developing 
modern mechanical engineering, have come through this course 
of £rst dealing with primary principles, instead of groping about 
blindly after mechanical expedientis, and present circumstances 
point to a time not far distant when chance discovery will quite 
disappear. 

(1.) What change has taken place in the meaning of the name 
" invention " as applied to machine improvement ?— (2.) What should 
precede an attempt to invent or improve machinery? — (3.) In what 
sense should the name invention he applied to the works of such men 
as Bentham, Bodmer, or Stephenson ? 
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CHAPTER XLI. 

WORKSHOP EXPERIENCE. 

3 tfa« uecessitj of learoing practical fitting as a part of 
^^«eriiig education is auperfluoua. A mechatiiciit eugineer 
a not been " through the shop " can never expect to atcaia 
I, not eomtnand the respect even of the most inferior work- 
_; vithoat a power of influencing and controlling others, 
b Dither fitted to direct construction, nor to manage details 
My kind connected with engineering industry. There is 
lug tbat mure provokes a feeling of resentment in the mind 
in than to meet with those who have attempted to 
p themselves in the theoretical and commercial details of 
ing work, and then aastuue to direct labour which they 
t uiiderstaud ; nor is a skiiled man long in detecting aii 
T of thia class - a dozen words in conversation upon any 
oical subject is generally enough to furnish a clue to the 
mt of practical knowledge poasesaed by the speaker, 
ik remarked in a previous place, no one can expect to prepare 
1 designs for machinery, who does not understand the 
1 of its construction ; he should know how each piece is 
^ Moulded, forged, turned, planed, or bored, and the relative cost of 
these processes by the different methods which may be adopted. 
An engineer may direct and control work without a know- 
ledge of pr^ictical fitting, but such control is merely a commercial 
one, and cannot of course extend to mechanical details which are 
generally the vital part; the obedience that may thus be enforced 
in controlLug others is not to be confounded with the respect 
trhleh a superior knowledge of work commands. 

A gain from learning practical fitting is the confidence which 
aaeh knowledge inspires in either the direction of work or the 
preparation of plans for machineiy. An engineer who hesitates 
in hia plans for fear of criticbm, or who does not feel a perfect 
confidence in them, will never achieve much success. 

Improvements, which have totally changed machine fitting 
during thirty years past, have been of a character to dispei 
u great measore with hand skill, and supplant it with what may 
be termed mental skill. The mere physical effect produced by 
I , Jiiiui'a hands baa steadily diminished in value, until it has now 
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almost come to be reckoned in foot-pounds ; but the necessity 
for practical knowledge instead of being diminished is increased. 

Formerly an apprentice entered a shop to learn hand skill, and 
to acquaint himself with a number of mysterious processes ; to 
learn a series of arbitrary rules which might serve to place him 
at a disadvantage even with those whose capacity was inferior 
and who had less education ; but now the whole is changed. 
An engineer apprentice enters the shop with a confidence that he 
may learn whatever the facilities afford if he will put forth the 
required efforts ; there are no mysteries to be solved ; nearly all 
problems are reached and explained by science, leaving a greater 
share of the shop-time of a learner to be devoted to studying 
what is special. 

This change in engineering pursuits has also produced a change 
in the workmen almost as thorough as in manipulation. A man 
"who deals with special knowledge only and feels that the secrets 
of his calling are not governed by systematic rules, by which 
others may qualify themselves without his assistance, is always 
more or less narrow-minded and ignorant. The nature of lus re- 
lations to others makes him so ; of this no better proof is wanted 
than to contrast the intelligence of workmen who are engaged in 
what may be termed exclusive callings with people whose 
pursuits are regulated by general rules and principles. A machi- 
nist of modern times, having outgrown this exclusive idea, has 
been raised thereby to a social position confessedly superior 
to that of most other mechanics, so that shop association once so 
dreaded by those who would otherwise have become mechanics, 
is no longer an obstacle. 

Some hints will now be given relating to apprentice experience 
in a workshop, such matters being selected as are most likely to 
be of interest and use to a learner. 

Upon entering a shop the first thing to be done is to gain the 
confidence and the respect of the manager or foreman who has 
charge of the work ; to gain such confidence and respect is 
different from, and has nothing to do with, social relations and 
must depend wholly upon what transpires in the works. To 
inspire the confidence of a friend one must be kind, faithful, and 
honourable ; but to command the confidence of a foreman one 
must be punctual, diligent, and intelligent. There are no more 
kindly sentiments than those which may be founded on a regard 
for industry and earnest effort. A learner may have the 
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An apprentice i 
thing tending to a. 
ox dress ; nothing i 
added, nothing is n 



BiisfortuDe to break tools, spoil woik, snd tail in everj way Ui 
satisfy bisiself, yet if he is punctual, diligent, and maiiife&ts ui 
interest in the work, his misfortunes will not cause unkind 
reBentment. 

It must alivays be remeiubered that nhat b to be leaned 
sboold nut be estimated according to a learner's ideas of its im- 
portance. A manager and workmen generally look upon fitting 
u one of the most honourable and intelligent of porsnits, deserv- 
ing of the respect and best efforts of an apprentice ; and while a 
learner may not think it a serious thing to make a bad fit, or to 
meet with an accident, his estimate is not the one to judge from. 
The Ie3.9t word or act which will lead workmen to think that au 
apprentice is indifferent, at once destroys interest in his success, 
and cuts off one of the main sources from which information may 
be derived. 

1 entering the workshop should avoid every- 
n appearance of fastidiousness, either of manner 
Qore repalsive to workmen, and it may be 
e OQt of place in a machine shop than to 
divide one's time between the work and an attempt to keep clean. 
An effort to keep as neat as the nature of the work will admit ia 
at all times right, but to dress in dotbiug not appropriate, o 
allow a fear of grease to interfere with the performance of wi>Ht 
is aure to provoke derision. 

The art of keeping reasonably clean even in a machine shop it 
Torth studying ; some men are greased from head to foot in a 
few hours, no matter what their work may be ; white others will 
perform almost any kind of work, and keep clean without sacrific- 
ing convenience in the least. This difference is the result of 
habits readily acquired and easily retained. 

Punctuality costs nothing, and buys a great deal ; a learner 
who reaches the shop a quarter of an hour before starting time, 
and spends that time in looking about, manifests thereby an 
iuterest in the work, and avails himself of an important privilege, 
one of the most effectual in gaming shop knowledge. Ten minntes 
spent in walking about, noting the changes wrought in the woik 
from day to day, furnishes constant material for thought, and ac- 
qn^nts a learner with many things wliich would otherwise escape 
attention. It requires, however, no little care and discrimination 
to avoid a kind of resentment which workmen feel in having 
their work examined, especially if they have met with an accideutj 
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or made a mistake, nnd when such inBpectioa is tbougbt 
prompted by curiosity only. The better plan in such cuea ia to 
&sk permissioii to examine work in such a, way that no ooe niU 
hear the request except the person addressed ; such an applies- 
tian generally will secure both consent and explanntion. 

PoliteDesa ia as indispensable to a learner in a macbine shop ai 
it is to a gentleman in society. The character of the conrtesj 
may be modified to Kuit the cireumBtances and the person, bat 
still it is courtesy. An apprentice may understand dilTereati^ 
calculus, but a workman may underetaud how to bore a stesm 
cylinder; and in the workman's estimation a problem in citl- 
culua is a trivial thing to understand compared with the boring 
of a steam engine cylinder. Under these circumstances, if a work- 
man is not allowed to balance some of his knowledge agsinet 
politeness, an apprentice is placed at a disadvantage. 

Questions and auswers constitute the principal medium (or ac- 
quiring technical information, and engineering apprentices should 
carefully study the philosophy of qaestioua atid answers, just ts 
he does the principles of machinery. Without the art of ques- 
tioning but ^r)w progress will be made in learning shop manipu- 
lation. A proper question ia one which the person asked will 
understand, and the answer be understood when it is given; not 
L Kn easy rule, but a correct one. The main point is to consider 
■ questions before they are asked ; make them relevant to the work 
F in hand, and not too many. To ask frequent qaestions, is to 
* convey an impression that the answers are not considered, an in- 
ference which is certainly a fair one, if the questions relate to a 
subject demanding some consideration. If a man is asked one 
minute what diametrical pitch means, and the next minut« how 
much cast iron shrinks in cooling, he is very apt to be disgusted, 
and think the second question nut worth answering. 

It is important, in asking questions, to consider the mood and 
present occupation of the person addressed ; one question asked 
when a. man's mind is not too much occupied, and when he is in 
a communicative humour, is worth a dozen questions asked when 
he is engaged, and not disposed to talk. 

It is a matter of courtesy in the usages of a shop, and one of 

expediency to Et learner, to ask questions from those who are 

presumed to be best informed on the subject to which ths 

questions relate ; and it is equally a matter of courtesy to ask 

I questions of different workmen, being careful, however, never to 
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different persons tbe same questioa, nor questions that 
Ecall out conflicting answers. 

I is not & more generous or kindly feeling tn the vorid 

t that with which a skilled mechanic will share his knowledge 

Jt those who have gained his esteem, and who he thinks merit 

P^^esire the aid tliat he can give. 

n ezeelleut plan to retain what is learned, is to make notes. 

nothing will assist the memory more in learning 

8 than to write down facts as they are learned, even if 

P memoranda are never referred to after they are made. 

8 not intended to recommend writing down rules or tables 

nng to shop manipulation so much as facts which require 

lirk or comment to impress them on the memory ; writing 

ft not only assists in committing the subjects to memory, but 

Pvatea a power of composing technical descriptions, a very 

f part of an engineering education. Specifications for 

oeering work are a most difScult kind of composition and 

■ be made long, tedious, and irrelevant, or concise and lucid. 

mere are also a large number of conventional phrases and 

s technicalities to be learned, and to write them will assist 

mmitting them to memory and decide their orthography. 

B making not«s, as much as possible of what is written should 

mdensed into brief formulfe, a form of expression which is 

3oming the written language of machine shops. Reading 

e is in a great degree a matter of habit, like studying 

lebanical drawings ; that which at the beginning is a maze of 

complexity, after a time becomes intelligible and clear at a 

glance. 

Upon entering the shop, a learner will generally, to use a shop 
phrase, " be introduced to a hammer and chisel ; " he will, per- 
haps, regard these hand tools with a kind of contempt. Seeing 
other operations carried on by power, and the machines in charge 
of skilled men, he is likely to esteem chipping and filing as of 
but little importance and mainly intended for keeping apprentices 
employed. But long afier, when a score of years has been added 
to his experience, the hammer, chisel, and file, will remain the 
most crucial test of his hand skill, and after learning to mani- 
pulate power tools of all kinds in the moat thorough manner, a 
few blows with a chipping hammer, or a half-dozen strokes with 
a file, will not only be a more difficult test of skill, bnt one 
* likely to be met with. 
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To learn to chip and file is indispensable, if for no other 
purpose, to be able to jadge of the proficiency of others or to 
instruct them. Chipping and filing are purely matters of han 
skill, tedious to learn, but when once acquir^, are never forgotten. 
The use of a file is an interesting problem to study, and one of 
no little intricacy ; in filing across a surface one inch wide, with 
a file twelve inches long, the pressure required at each end to 
guide it level may change at each stroke from nothing to twenty 
pounds or more ; the nice sense of feeling which determines this 
is a matter of habit acquired by long practice. It is a wonder 
indeed that true surfaces can be made with a file, or even that 
a file can be used at all, except for rough work. 

If asked for advice as to the most important object for an 
apprentice to aim at in beginning lus fitting course, nine out of 
ten experienced men will say, " to do work well." As power is 
measured by force and velocity, work is measured by the two 
conditions of skill and time. The first consideration being, how 
well a thing may be done, and secondly, in how short a time may 
it be performed; the skill spent on a piece of work is the measure 
of its worth ; if work is badly executed, it makes no difference 
how short the time of performance has been; this can add nothing 
to the value of what is done although the expense is diminished. 

A learner is apt to reverse this proposition at the beginning, 
and place time before skill, but if he will note what passes around 
him, it will be seen that criticism is always first directed to the 
character of work performed. A manager does not ask a workman 
how long a time was consumed in preparing a piece of work until 
its character has been passed upon ; in short, the quality of work 
is its mechanical standard, and the time consumed in preparing 
work is its commercial standard. A job is never properly done 
when the workman who performed it can see faults, and in 
machine fitting, as a rule, the best skill that can be applied is no 
more than the conditions call for ; so that the first thing to be 
learned is to perform work well, and afterwards to perform it 
rapidly. 

Good fitting is often not so much a question of skill as of the 
standard which a workman has fixed in his mind, and to which 
all that he does will more or less conform. If this standard is 
one of exactness and precision, all that is performed, whether it 
be filing, turning, planing, or drawing, will come to this standard. 
This faculty of mind can be defined no further than to say that 
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it is an aversion to whatever is imperfect, and a love for what is 
exact and precise. There is no faculty which has so much to do 
with success in mechanical pursuits, nor is there any trait more 
susceptible of cultivation. Methodical exactness, reasoning, and 
persistence are the powers which lead to proficiency in engineer- 
ing pursuits. 

There is, perhaps, no more fitting conclusion to these sugges- 
tions for apprentices than a word about health and strength. It 
was remarked in connection with the subject of drawing, that the 
powers of a mechanical engineer were to be measured by his 
education and mental abilities, no more than by his vitality and 
physical strength, a proposition which it will be well for an 
apprentice to keep in mind. 

One not accustomed to manual labour will, after commencing, 
find his limbs aching, his hands sore ; he will feel exhausted both 
at the beginning and at the end of a day's work. These are not 
dangerous symptoms. He has only to wait until his system is 
built up so as to sustain this new draught upon its resources, and 
until nature furnishes a power of endurance, which will in the 
end be a source of pride, and add a score of years to life. 
Have plenty of sleep, plenty of plain, substantial food, keep the 
skin clean and active, laugh at privations, and cultivate a spirit 
of self-sacrifice and a pride in endurance that will court the 
hardest and longest efforts. An apprentice who has not the 
spirit and firmness to endure physical labour, and adapt himself 
to the conditions of a workshop, should select some pursuit of a 
nature less aggressive than mechanical engineering. 
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Making, by N. P. Burgh, Mem. Inst, Mec, Eog., illus- 
traled by 1163 ivood engravings and ^o largefoldtMg 
fiJaiis e/ working drawings, loyal 4to,h3i(-taaiocco j^J ij ^ 

I Steam Engine. 
Modern Marine Engineering applied to Paddle and 
Screw Propulsion ; consisting of 36 plates, 259 nuood 
eneravin^s, and 403 fiages of descriptive matter, the 
whole being an exposition of the present practice of 
the following firms : Messrs. J. Penn and Sons ; 
Maudslay, Sons, and Field; James Watt and Co.; 
J. and G. Rennie ; R. Napier and Sons ; J. and W. 
Dudgeon ; Ravenhili and Hodgson ; Humphreys and 
Tennant ; Mr J. F. Spencer ; and Messrs. Forester 
and Co. By N. P. Burgh, Engineer, 4to, cloth £,% 5 

Steam Engine. 
Modern Compound Engines, being a Supplement to 
Modem Marine Engineering, by N. P. Burgh, Mem. 
Inst. Mech, Eng., numerous large plates of ■working 
drawings, 410, cloth iG 

The following Firms have contributed Working Drawings of their bestan4! 
moat modem examples of Engines fitted in the Royal and Mercantile Naneil' 
MesGis. Maudslay, Rennie, Walt, Dudgeon, Humphreys, Ravenhili, Jacksm, 
Perkins, Napier. Elder, Ldrd, Day, AUibon. 

Steam Engine. 

Practical Treatise on the Condensation of Steam ; 
contained in 262 pages of letterpress, and illustrated 
with 213 engravings, by N. P. Burgh, Engineer, super- 
royal 8vo, cloth ^l 50 
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Practical Illustrations of Land and Marine Engines, 
showing in detail the modem improvements of High 
and Low Pressure, Surface Condensation and Super- 
heating, together with Land and Marine Boilers, by 
N. P. BiK^h, Engineer, 20 plates in double elephant, 
folio, cloth C~ 

earn Engine. 

A Pocket-Book of Practical Rules for the Proportions 
of Modern Engines and Boilers for Land and Marine 
purposes, by N, P. Burgh, fifth edition, revised, with 
Appendix, royal 32mo, roan 4 o 

)elfliis of High-PresEure Engine, Beam Engine, Condensing, Marine Screw 
jines, OsciUaling Engines, Valves, etc, I^id and Marine Boilers, Proper. 
15 of Engines produced by the rules, Proportions of Boilers, etc, 

eep Gradients on Bailways. 

A Treatise on the Improved Method for overcoming 
Steep Gradients on Railways, whereby an ordinary 
locomotive capable of hauling a given load up a gra- 
dient I in 80, can take the same up t in 8, by Henry 
Handyside, 8vo, sewed 

rength of Beams. 

On the Strength of Beams, Columns, and Arches, 
considered with a view to deriving methods of ascer- 
taining the practical strength of any given section of 
Beam, Column, or Arch, in Cast Iron, Wrought Jron, 
or Steel, by B. Baker, numerous cuts, crown Svo, cloth 

rength of Beams. 

New Formulas for the Loads and Deflections of Solid 
Beams and Girders, by William Donaldson, M.A., 
Assoc. Inst. C.E., Svo, cloth 

gar. 

The Practical Sugar Planter ; a complete account of 
the cultivation and manufacture of the sugar-cane, 
according to the latest and most improved processes, 
describing and comparing the different systems pursued 
in the East and West Indies, and the Straits of 
Malacca, and the relative expenses and advantages 
attendant upon each, being the result of sixteen years' 
experience of a sugar-planter in those countries, by 
Leonard Wray, Esq., -with numerous illustrations, 
Svo, cloth 10 6 D 
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^^HiShort Logarithms. 

^^H Short Logarithmic and other Tables, intended to facili- 

^^1 tate Practical Calculations, and for solving Arithtnetical 

I Problems in class, 8vo, sewed 

Ditto, doth 

Sitlpliuric Acid. 

The Chemistry of Sulphuric Acid Manufacture, by 
Henry Arthur Smith, cuts, crown 8vo, cloth 

Surveying. 

The Principles and Practice of Engineering, Trigono- 
metrical, Subterraneous, and Marine Surveying, by 
Charles Bourne, C.E., third edition, numerous plates 
andivoodcuts, 8vo, cloth 

Surveying. 

A Practical Treatise on the Science of Land and En- 
gineering Surveying, Levelling, Estimating Quantities, 
etc., with a general description of the several Instru- 
ments required for Surveying, Levelling, Plotting, etc., 
by H, S. Merrett, ^i Jine plates, •with illustrations and 
tables, royal 8vo, cloth, 2nd edition. 

Table of Iiogarithms, 

Table of Logarithms of the Natural Numbers, from 
1 to 108,000, by Charles Babbage, Esq., M.A., Stereo- 
typed edition, royal 8vo, cloth 

Tables of Squares and Cubes. 

Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Roots. Reciprocals of all Integer Numbers up to 
10,000, post Svo, cloth 

Teeth of Wheels. 

^^^ Camus (M.) Treatise on the Teeth of Wheels, demon- 

^^H strating the best forms which can be given to them for 

^^H the purposes of Machinery, such as Mill-work and 

^^H Clock-work, and the art of lindin^ their numbers, trans- 

^^H lated from the French, third edition, carefully revised 

^^H and enlarged, with details of the present practice of 

^^^K Millwrights, Engine Makers, and other Machinists, by 

^^P' Isaac Hawkins, illustrated by i& plates, 8vo, cloth 



^ 



^ 



c 



CATALOGUE OF SCIENTIFIC BOOKS. 



Telegraphy. 

JournaloftheSocietyofTelegraph Engineers, including 
original Communications on Telegraphy and Electrical 
Science, edited by Major Frank Bolton and G. E. Preece, 
Parts I. to XII., demy 8vo, sewed, with wood engra-v- 
i'lgs, each 
To be continued quarterly. 

Torpedo Warfare. 

A Treatise on Coast Defence ; based on the experi- 
ence gained by Officers of the Corps of Engineers of 
the Arttw of the Confederate States, and compiled 
from Official Reports of Officers of the Navy of the 
United States, made during the North American War 
from 1861 to 1865, by Von Scheliha, Lieutenant- 
Colonel and Chief Engineer of the Department of 
the Gulf of Mexico, of Uie Army of the late Confe- 
I . derate States of America; wr'/fi numerous fine plates, 
imperial 8vo, cloth, top edge pit 

Trevithick. 

The Life of Richard Trevithick (Inventor of the 
High-pressure Steam-engine), with an account of his 
Inventions,by Francis Trevithick, C.E., z vols., medium 
8vo, cloth, illustrated by a steel portrait, lithographs, 
and numerous beautiful -wood engrwulngs, including 
■ many accurate illustrations 0/ Cornwall, its Mines, 
and Mining Machinery, reduced to 

Turbine. 

A Practical Treatise on the Construction of Horizontal 
and Vertical Waterwheels, with 11 plates, specially 
. designed for the use of operative mechanics, by WiUiam 
■' Ctillen, Millwright and Engineer, second edition, re- 
vised and enlarged, small 4to, cloth 

Turning. 

Tt'e : Practice of Hand-turning in Wood, Ivoty, Shell, 
etc., with Instructions for Turning such work m Metal 
as. may be required in the Practice of Turning in 
Wood, Ivory, etc., also an Appendix on Ornamental 
Turning, by Francis Campin, second edition, with 
wpod engravings, crown 8vo, cloth (a book for be- 
gmners) 
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Valve -Gears. 

Treatise on Valve-Gears, with special consideration of 
the Link-Motions of Locomotive Engines, by Dr. 
Gustav Zeuner, Ihird edition, revised and enlarged, 
translated from the German, with the special permis- 
sion of the author, by Moriti MiilIer,//ii/iT, Svo, cloth 

entilation. 

Health and Comfort in House Building, or Ventilation 
with Warm Air by Self-Acting Suction Power, with 
Review of the mode of Calculating the Draught i" 
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Hot-Air Flues, and with some actual Experiments, by 
J, Drysdale, M.D., and J. W. Hayward, M.D., second 
edition, with Supplement, demy Svo, with fla/es, cloth 
The Supplement separate 

Weight of Iron. 

Tabulated Weights of Angle, T, Bulb, and Flat Iron, for 
theuseof Naval Architects andShip-builderSjhy Charles 
H. Jordan, M.1.N,.\., l8mo, sewed, second edition 

Wood-working Factories. 

On the Arrangement, Care, and Operation of Wood- 
working Factories and Machinery, forming a complete 
Operator's Handbook, by J. Richards, Mechanical 
Engineer, ivoodeuts, crown Svo, cloth 

Wood-working Machines. 

A Treatise on the Construction and Operation of 
Wood-working Machines, including a History of the 
Origin and Progress and Manufacture of Wood- 
working Machinery, by J. Richards, Mechanical Engi- 
neer, 25 folding plates, and nearly 100 full-page 
ill-ustfalioHs of EngUsh, French, and American Wood- 
working Machines in modern use, selected from the 
designs of prominent Engineers, 4to, cloth ^i 

Workshop Receipts. 

Workshop Receipts for the use of Manufacturers, 
Mechanics, and Scientific Amateurs, by Ernest Spon, 
crown Bvo, cloth 



I Royai Svo, cloth, 7s. 6d. 

^L Spans' Engineers' and Contractors' Illustrated 

^^H Sook of Prices of Machines, Tools, Ironwork, and Coniractori 

^H Material. 1876. 
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